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A Slmaple reliable methoc of inspecting or non«icstructin ly 
testin; bonds bebweer cores and faces of sandy ci: ~anels as used 
in aircraft is needed b:’ the inhetey. Considerabic effort to 
Giscover such a method is beinc expended as tic use of these new 
materials tecoms nore popular. 

The project the writer had in mind at the “eginnin: of this 
work was to Ciscover a prinelple upon which methods of inspection 
could be Laged thal would indicate t.0 internal conditions that 
existed im a sandwich=saterial panel. In arder tuo ciseover the 
principle desired it was necessary to detcrmine the con itions 
that should be detected in the inspections. The research 3 
vealed tha’ there was vory iittic concret: information oot the 
gandrich materials veacily avallalie. It was declied o limt 
the investigaticnus tc Slat panels of orc type, mamel “etalite, 
an @luainum surface—valsa core=saluminus surface mterial, and 
to investigate fundamentally as mmy difforent princinics that 
might *e applicable to that particular type of construction as 
the time and equipment availa'le would pormite 

The difficultics encountered in locating information on fab- 
rication motoows, design aman component material, anc 
Standard test spec’ “ications as wol! as information on previously 
attempted inspection metiods lead the author to oumarise in the 
yeport some of the sonora! informtion aequlved duvine Un inves 
tigations. The sourees of this goncral iaformution were also 


carefully referenced in order 
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@ similar objective would be spared the searc: req ired to locete 
thig basic informetione 
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Madison, Visconsin durin, bis visits to that laboratory. Appree 
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lov his wany suggestions ax! pwidance in the preperation of this 
papere 
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This thesis pregents the resulta of an investigation of the 
inspection methods and nondestructive test procedures Wxich night 
be used in locating detective and inferior bonds vetween the core 
- gections or the core and surface siect of etalite. 

The report includes a urief ciscvesion of the davelopment 
amt production of sandwich materials, their application in the 
aireraft industry, and the effects of bond defects on ‘lo strength 
of the uaterial. 

The investigations were limited to flat sheets of om time 
of gardwich waterial, an end grain balse core with tin aluminum 
plate surfaces, produced umler the trade nane of Vetalitese 

“he simplest and nost satisfactor, method for detecting arees 
where the Cacee@ of tc sandwich are not firmly attached to the 
care wae found 40 ve 4 Simple taping metiod—the iIncpection 
method used in commercial production at the present timc ©, Chanco 
Yought. ’arcvaft Corporation, This mothed failed to detect areas 
oF weal: bond or to locate epen Lomis in the core material. 

Various wmothods baged on eight wagic principles were attosmptod 
anc ate discussed individually in tiis report. of the cipcht pring 
ciples, only two, the surface deflection Srinciple am the heat 
conductivity principle, gave indications of being abic to detect 
areas of weakened bond. The motialds used in applying we surface 
deflection principle were al. complicated to pourvoma, very limited 
uy the thickness of the s.rface shest, and i: not carefully com 


trolled could introduce destructive stresses in Lax! or core 
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cirectly under the area teinr tested. It is doubtful that the 
principle could be developed satisfactorily for comercial use. 

The application of “he heateconductivit; principle was sin- 
pler and appeared to offer promise for further development. The 
greatest wealmess obgerved in the applications attempted was in 
surface temperature scanning. It is believed that by ceveloping 
@ more sensitive and flexible method to determine local surface 
temperature, the principle might be applied commercially. 

Seem of the other methods were discovered to have individual 
advantaces for special applications arx! might well be used in com 
bination with other methode to insure perfection until a reliable 
general inspection method is developed. ‘These specific advantages 
inelude the ability to locate flars in the core material bond by 
Xray, the ability to locate doublers or splice bars by supersonic 
inspections and changes in core material wy the soundness tests, 
all of which are fully explained in their respective sections of 
this report. 

AS @ Yesult of the investigations, it was concluded that a 
four stage method of control and inspection is necessary for use 
on all Metalite which is to be used as a stressed structural 
material in aircraft and should include: 

le A complete critical process—control throughout the 

entire production cycle with controlled destructive 
tests of companion samples or waste margin natcrial. 

2. A careful visual inspection of the surfaces for 

blisters immediately after the material is removed 
fron the autoclave. 


3e A comlete “Tapping” inspection by a trained 
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inspector after final fabrication before assembly. 
he <A button=pull surface deflection test of any suse 
pected area and random pulls in areas of imown 


critical stress concentration. 








The aviation industry, in attempting to keep pace with the 
ever~inereasing demands for improved performance in airplanes, 
ating with various types of airplane construction 





and airplane materials. One such material which promizes to be 
suitable for fairly general use in the industry is "Sandrich" 
material. 

Sandwich construction consists of a light weipht core bonded 
to stron facing materials, and many combinations of core, face 
material, and adhesives are possible. Various combinations each 
offer specific advantaces but the comtdinations which are able to 
conpete with the highly efficient all~«setal construction of 
present day aircraft and that are suite>le for reneral use in 
modezrn airplanes are linited,. 

The C. 5. Navy has attempted to encourage and assist the air~ 
erait companies to develop some of these materials through its 
research and development program. A mtal-faced balsa<core com 
bination, now generally know to the industry as “Metalite", has 
been under development by the Chance Yought Division of United 
Aireraft since 19:2. This material has passed throuch various 
stages of development and experimental testing and is now beinc 
incorporated in the letest trpe of production aircraft being 
manufactured by that caamanmy. The faces of the material are 
made of highegtrength alwainura alloy and the core of a lower 
sity balsa wood. The balsa wood core Ls arranged with the grain 


of the wood normal to the metal faces as indicated in Fig. l. 
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Two different methods of bonding the faces to the core are 
used in manufacturin, the material, both of which are described 
in detail in Appendix Ae One process is a two-stage bonding opera~ 
tion in which Cycleweld C~3 cement is cured on Ue metal faces 
and then bonded to the core material with a muediun tempcreture 
phenolic reain adhesive, Cures 13297. The other process employes 
a high tesperature~setting | 
setting liquid and thermoplastic powder called tedux. ‘The final 


nt resin with a therm-~ 





curing in both methods may be accomplished in a thermal press or 
an autoclzve, but in order to meet the specifications set up by 
Ue Se Navy, the autoclave curing process is used exclusively. 

In developing Metalite, much effort both in the laboratory 
and fabrication shops has been devoted to determining the test 
and most positive methocs of processing the component parts. 
Experimental work in the use of high strength netal-to=rstal ade 
hesives for bonding metal structures, guch as control surfaces, 
engine cowl flaps, anc access doors, was started in the aviation 
industry before the beginniy of World Yar II. The knowledge and 
experience gained from that work greatiy aided the preliminary 
Gevelopment of the bonding required in the development of the new 
"Sendwich® materials. The cycleweld was developed directly fron 
the best metel—to-metal techniques in use prior to 192. 

The construction in sambrich forme is essentially a molding 
operation in most applications. The application of this construc- 
tion does much toward the climination of buckling and increases 
the stiffness in highly-stressed aerodynamic surfaces. These two 
characteristics of the material make it superior to the common 


materials applied in the conventional manner. It can be readily 
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3 
realised that the stiffness and buckle resistence are depencent 
on the core material and bond strength between the face sh ets 
and coree The effects of certain defecte in the bond upon the 

ngth of test panels subjected to tension and flat edge~wise 





compression are given in Appendix 2. The manufactvrine process, 
forming process, curing process, and material used all affect the 
bond strength. Therefore, when the material is to te used at 
high design stresses, the bond condition is the important factor 
since uniform satisfactor, cores can be processed 2s described 
in Appendix C. 3 

In the development of the material much researcn has been 





aducted to obtain consistently uniform arn) sufficiently strong 
surface<to-core bonds, and in present practice good results are 


obtained by using exacting process controls. However, the possi~ 


bility still exists that process control will permit sone defects 
to occu 2, a method of finished product inspection is re=- 





quired to assure a perfect resulte A method of inspection is 
desived to periodically determinc the condition ef the materiel 
threughout its service life. 

It is towarc determining a principle upon which a simple 
nomdestructive inspection method can be baged that the investiga~ 
tions described in this thesis were conducted. 

The strength characteristics of the material may be affected 
by several kinds of imperfections or flaws, the sost serious of 

1. The lack of bond “cbween the surface sheets and the 

core rmiterial. 


2. A split or ruptured core——open bond joints in the core. 
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3. The presence of weal: bond joints between the surface 
sheets and the core material. 
4 weak cond Zfoint in the core material. 


= 


GS. A difference in tond strength between surface and 

core material on opposite sides of the core. 

6. A varlance im bond strength over the surface sheet 

faba cho 

7. A defect in core material strength, density or 

condition. 

The conditions causing No. 7 above, can be controlled satis= 
factorily in the mamfacturin: process, but sho.ld te considered 
in complete in-service inspections. Ove to the limitations of 
this investigation, Item No. 7 is mentioned, but no further con» 
sideration has been siven to ite 

Destructive tests were relied upon in the develozment stages 
to determine the internal comiitions, tut when the material was 
made available for practical application, the destructive test 
methods had to be replaced by other types of inspection. 

X~ray techniques were tried but they <id not locate the weak 


tond joints or voids in surface-toe-core bonds except in very 





Special cases. It was found, however, that the Xeray inspection 
was useful to locate doublers, to determine the internal condition 
of the core material, and to investipate the fit of adjacent core 
sections, fef. 1. iypersonic methods have been investi¢ated and 
found able to detect the larger bond voids. The method holds 
promise for future develepment tut has not proved satisfactory 
for application to production at the present time. A pressure» 


heat mnetiiod conducted by returming the panel to the autoclave, 
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5 
reheating and pressurizing, then suddenly cepressurizing it, there- 
by causin; the internal p-essure to make blisters anpear in the 
surface material above weak or no bord areas, rave acceptable ree 
sults and is used to some extent in commercial production to locate 
weak bond areag. The simplest, most reliable ami practical method 
yet discovered was found to te the tapping or coin method. This 
method is used extensively throughout the industry. Comercial 
precuction of the Metalite used in Navy contracts is inunected bz 
the last, two neathols mentioned above. 

In an attempt to find a more applicable positive flaw detec 
tion methoed, eight additional basic principles have been irenti- 
gated. They are: 

Yoat Radiation Principle 
Thermal Conmduetivity Principle 
Neat Abgorption Principle 
Rrittle Lacquer Applications 
a. Vibration Effect 


[rw 


Bb Heat Effect 
Ce Plexure or Jendine Bffect 
e Plast or Shock Principle 


LF 3 


6 Senie Vibration Principle 
& Tunine Tork Tesponee 
% Oselllograph Indications 
le Sireet Picl=Up wechanically connected 
40 plate. 
@- Sonic Plek-Up operating through pyramidic 
ehawkar 


3. Sound Propagation Yethods 
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Ce 


Tin Varticles Vibrating on Plste Surface 
1. Metal Pilings 

2. Taleous Powder 

3. Silicon Powder 

1. Wine Particles suspended in a liquid 
Smoxe Convection Patterns 

O11 Fils Detection 

ile Suspended on Tater 

20 Free on Vibratine Surface 

3+ Droplets 


Surface Contour Methods 


Re 


De 


Co 


Visual Inspection 

Surface Under Vacuum 

le Visual Inspection 

2-e Mechanical Meaguremont of Deflections 
& IJight Ream Method 
be Ames Dial Application 

Sudden Pressure Chanre ‘ethod 

le Normal Tewperature 

2. Autoclave Process Plevated Temperatures 


Seundness Yrincinple 
& Tapping 


De 


Ce 


Pouncing Steel Rall Test. 


Sand Plast on Painted Surface 





MOTHOUS OF PLAY DPTPCTION IW wWeTALITEe 
Methods Currently Used 


In the actual production of Metalite the final inspection 
is made in two ways. After the final bonding operation the panel 
is placed uncovered in the autoclave and subjected to the sume 
temperature and pressure conditions as were applied durinc the 
tonding. The internal pressure thus built up in the panel will 
cause a tulge in the face lmmadiately after removal from the auto 
clave if a weak *ond or void existe. The second method used is 
the tapping method. In this method the faces of the panel are 
tapped with a special light weight tapping hammer. Zonded areas 
produce a sharp, solid sour 
sound. This method has proved very reliable in practice and is 

In addition to the two methods described the obvious visual 
inspections reveal any major defects such as amrface blisters or 





Yoid areas are indicated b; a dwll 


open edges om a panel that wight have been caused by malfunctioning 
of the cuxin: equipment or molds, 


Methods Previously Proposed 


Early investigations conducted in 1910 by Dr. Robert Pohlam 
for the Eritish Naval Cunnery Mission resulted in a method to 
locate flaws inside metal plated objects and butt welds ty the 
use of sound Yedlocraphy using the acoustic image principle. 
later attenpts to adapt this method to the inspection of Netalite 
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involved equipment so Large anc complicated that it wag not con~ 
sidered practicable in view of the questionable results o:tained. 
' The Sperry Products, Inc. of Danbury, Connecticut conducted 
some investigations in 19:7 using the aupersonic shadoxsraph 
principle to detect flaws in lasinated materials. The lens 
systen of the equipment was developed and methods of reducing 
the effect of standing waves, which had previously prevented 
sufficient penetration of the waves, were Ciseovered but accopt- 
able results were not obtained. Ref. 2. Again in April of 199 
the Sperry Products, Inc. concentrated their efforts on the testinc 
of Metalite. Py this time a crystel mount of simple design had © 
been developed for use in the ultrasonic tank, the standing waves 
hac been neubralized and sufficient penetration could be obtained 
by the use of the higher voltages the new crystal and mount could 
stand. Thick samples of Netalite, 7/16 in. thick care with as 
many as seven aluminum layers were tested and readable results 
obtained. The hich voltages required posed particular diffie 
culties on this equipment and its operation but the laboratory 
results obtained seemed to cive conclusive evidence that Netalite 
sections could be tested successfully for lack of bond in this 
mamer. Ref, 3 describes the equipment and procedure used and 
concludes that there is a good possibility that the method could 
be developed into a faster process than the tappinc method cur 
rently used. ‘4 sketch of proposed Metalite testing equipment 
is ineluded in Ref. 3, tut the extent to which this proposal 
has becon developed is not known. 

The Chance Vought Aircraft Division of Tnited Aireraft Cor 


poration is the manufacturer of Netalite, and has attempted 
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sting the fimished material. They at one 





Lo use a Crush [oersonic Analywer, voic) had been 
weed guccesefully ur the Crdmance Departaent for detectine voids 


in rocket powder slicke ani ty tm: Coodyear ‘irevatt corporatlan 





for bond strength cGetermination in metal to motal‘oncing. The 
results of the attemml are civen in Ret. h, ut in con=ral the 
tests gave poor correlation batween tensile strenrth and the 
amalyser records for both tegts using the 50 hepe and the 40 hepe 
eryetel tranducers. The detectaile wrronded areas were appre 
mately one inch tinimws diemeter ari creas of weakened “onc were 
umxietectable, Tre method used in the “rush Analyser ahould pere 
mit the ovservation of some of the trpes of cefects encowrtered 
in Metalite and when the work at “hance VYoug!t was discostinued 
the report, ae civen in tef, h, indicates that a similar prosran 
wes teinc unfertaxen ‘ty the Navel ‘esearch: laboratory “ut infor] 
mation on this program has not been cotalnede 

The AIC Se>committee om Too! iireralt Sireetures Inte in 
1945 requested the Torest Products labovator, ‘o evaluate the 
various inspection methods tha! imac een proposed and alvo to 
attempt to develop anc evaluate other inenocticn ani nonlestruce 

ive test procedcizws for ase on sandvicl. type aircra:t construction. 

This investigetion continued from late in 1915 to “ar 19h7 when the 
Treeults were clea am @ Sorest  roinects laboratory Teport Noe 
1569, vefs Se 

Tre report listed ten aethols of ingpection which appeaned 
to offer nromiee in deferiiniag Ue quality o! Joints between 


cores and faces of sanivic panels. “Ney alc: 
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Visual Inepection Ge Vacum-Cup “est 
Special Lighting Jo internai~Freamas Test 
Mapping ve eating complete Mumel 
Sapersonic inspection 9. jacai wating 

S. Txposure to Yacwus 10. ‘utton=Teasion Test 


ry Pp ¢ 


Ail of the methods were concluded to have some peril and 
under certain limited conditlons were capa>vic of detecting actual 
voids or wiclued areas between the face ant corte “ho tapping 
test porforsed by & Specially trained person appeared to (e the 

‘tone of the tests investigated presented practical and depen. 
a@>le means of inupectine sandwich nanels for qwallty of Joints and 
it appeared that combinations of | the teat methods woulkd offer 
little promise of improvements. 


Hethods Tried In This Investigation 
Rgsinment Ueed 


The teanducers used in these experinenis were of tivee sixes 
avai made from steward racio equicmert. "he gmaller was we 
electrommagnetic necisaniss of an curphone wit! a siemlor uetal 
prove soldered fo its wetal deeprraga. Tor tm second, a lerger 
Qynexic earghone was wocifled by cemerting a prove to tle vibrating 
conee The thiml, the heavy tranelucer was a “ive~ineh pammetic 
speamer wodiiiec by replacing Dae Vase cone Plas Git’ 2 eiler 
Ying holding 2 tripod mounted protic. “we three trwawhucers were 
used interchangeably in thc exprrizents to very fre intwunslty of 


the iminced vitwations, 





Three types of pick-ups were used. (ne war a staxiund 





phokemp from a Siveewat? recor! vlaye> in which 
the needle had been replaced Wy a ctlif aetal prove. “he second 
was ea modified dynasic pickeap with a metal prove commectec to 
the interior ring of the reception cone. “hm Uiind was 4 standard 
avintion-type carton lipwicrophone riti. a me'al -ro'o solierod 
to the input Caphwage. The three piche-upe were ales used inter~ 
changeally, tut tre modified aviation microphone was the most 
Seneltive und was use! most extensivoly’. 

Severe. phoces of su porting egqulyment werc Dabricated to 





2 mxl pickewpe, all of waich wore dmulmed to 
assure consistent spacing of the equipment, proper .cessuin he~ 

the test equipment and the test sampic, am! wilform mohil~ 
ity of toe testing cear over the surface to te tested. “ley aro 
show: in the illustrations. 

A comercial ose.listor capasle of prod cim electrical 
oseiliations fram 20 to 20,000 cycles pr secon], an’ 2? ampli~ 
fiers were veed to provide tee controlled osciliations,. 

A type 2088 Deliont “ethede~ler Jscllicgranh was used. 

The optics o7 a Yairchilé Alrcraft Octant, and its Licht 
Source vere used durin, one of tee surface delSlectlon LeSiGe 

fi 10 dnek dynamic radioslype lowlspwaher wu. used Lo origin~ 
abe tho sown! waves an! free air vilwation fields. 

An @ijustens.e suring loaded pick-up holder was fabricated 
for wee in some of the aufaee seanving methods. 

Varlous sluople noluers, frames, a mooie ehamber, am’ supporte 
ing devices were mwlle, 211 of which me sictured aw used in the 


experiionts. 
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An Amee-ifial Deflection “ace, cape™’io of ooesurement to 

00 ine, was used in the acrface Jeflection tests arn was 
sapported by a specially ce 

The vacuum chaser was a 103 in. Uiameter coulle 4 Leuness 








netructed trianpuler jetal Crue. 
piastac cylinder, reinforced as shewne “his cylinder hel an 
alumirgn beaee sand ani top and contained a tap onto wich the 

She gpechal temming hammer used is described anc pictured 
3n the ilinetration. 

The heatin ci ancer veed was an clectric Vestinshouse 
domestic oven in witch the temporature level was aalntained uy 
the owen tiermoctet. i picture of the oven in tee is Bwr in 
several of the illuctrat_lonse 

“wo brronet trpe and one Tlet bulk sercuty thercometers 
were used in ovVtainin: chember and surface teaperatuces. i 
commercial Tayler oven thermometer: was used to determine exact 
heating chacher tempcrature wx) |o calibrete the sven thermostat. 

A wooden tlast clomsber 10 ine by 10 ine by Sh in, con 
sizucted from Rerd yellow pine and rel:nforead Ue steol linding 


tonds, wes used in the concussion tests. 


Yeterial Used 


7ect Samples 


The ‘etelilte used In ibe tests wes standertd orotuctlon-wsn 
Gedux process: watetial fa wicalled in the autoclave 10 Us. «. Navy 
specifications, Yel. C, ty the “hance ‘cugit \ireraft “vision 


of United Aiveraft “orporation. 
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of differen: ticcimewssr with ewaggeratec: defects. nec “elect in 
ene had been made mechaulcaliy wy removing ome surface oieet and 
the core naterlal wilh a ecdur home cutter, hue .eaving 
eesentially only a flat clreular alumimus plate section in a 
Metalite sheet. The defect in the other hal been male Uy 
separating the surface umterial Drom the core with a tbin metal 
strip, therely leavinr an area of :0 “wnds Tige 2. 

The dimensions of Series 1 Samples ares 
Casple lel  Sampic 1-2 
Surface Yaterial Thicimess 0.022 ine O2015 ine 


Core Thickness Oe250 ine O.375 ite 
Dimensions fan rocimte) la G ine Gh «7 ite 


later investigations were conducted on larger sseets of 
the sawe material ac used for Samplo lee cegerl ued above 

4& control pemel L. in. by 21 in. was chosen at randem from 
the sections cut out of one large sneet of nroductionjrun ete 
@lite which had paesed all of the usual inepections remiocw for 
the material before final fabricetion in industsy. 

Taree tect. paneis also li in. by 11 in. were presaree from 
the remaining sections of the same material, eac. containing a 
different Kind of typical defect in bond Joint. 


The Sirst, “ample 2], made to repr sent an open honc joint 





the surface sleet and core mat rial mepared by ine 
gerting a heated tiin metal octrin in the gurface<—hbowcore Lond, 
Were’; openineg tik bool and c@lelns a vole in the matirial lo 
cated as shown in Mig. 5~ 


The second, Saspic ceZ, made Le represent a wealened 
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between the surface sicet en. tw core (mtwrial wes -reparod by 
beatin: one murface of tie yenel wit) an electric iron to 4259 KF, 
Sor 30 aimutes. The vanel in tis cendillon le referrec o a6 
Semple Qu@. later, teeause of the soarmity of “etallite Jor use 
in the teste, this same panel wi) heated for 20 uinutes on the 
oppocite surface in tue flame of a gasolin ‘“iowtorcl, arm in 
this emrdition is referred to as Jegple ewda. “iris Jatter conmli- 
tion WEG aeeweed to represent a comlMtiun in wile: the Von bee 
tween the surface slect was completely destroyed, ut that thare 
6t411 remained u contact between the cus’e muterlal unc ‘he worface 
adheet. It wae gvepectec that thle ore of defect sight sroduce 
vesults somewhat di fforent fram those obtained on Tample 2-le 

The Diird, Sample 263, made to reoresem! overstressec, 
sechanically “roken, oz irregularly seemed bom Joints or rup= 
tured core materia, in tc Semple wes prepared %; loadin; a simply 
Supported test pone past its yael. yoint with @ Sinvle wancen-~ 
trated lead applied «<i thn center . em tren. reserving the resulting 
Visible Ceformmtions wlll, @ meciwnical presse 

The test panels Pd evies 2 were 421 insorlued Wit) a rofar- 
ence gric of two-inch squares loested 2m. mes ered as slxwm in 
Mie Be 

Some tecte were concucted on strip sawples made of Uc sane 
material as use for “asple lsd, 

& comtrol strip two inches wide ar. cleven incles long was 
Selected at random from four lgentical strips wiic iad Leen cut 
frem tho sheet of Wotalite used for tic pemols cf Serics 2. 

The remaining three strips were oowmered G0 fnum_ered to 


correlate the defects in the panels of Sorics 2, Mice le 





Se Ke ee et Oe ey 
ee we 6 Sk ee eee ++ od ee 
oe 

—_——-  ———— i am 
——— CF me Steet 

Tee be wm 8 oe Ss eo aoe. 
rr a Fe Oe ee ee Cape a oo ae 
—- * o- * - Seer Se See @? or 

KS =. = —<h?|  eeee a 
“on ——_—— Se a a 





15 

Sample 31 contained a Emawnm oper core=toecurface * ond. 

Sample 32 had a weakenec Lond condition, “ut with, the 
commtowsurface bond iniact, cre@tec intiuite contact lotween | 
the core anew curfaec material. 

Vanple 3<3 had an vows uTassec gection in wicech the conditden 
of the defective core aw ond was wuino0ete 

The tests requiring larger panels were concuctec on sheets 
of the same material as used for “aupic Je? descri’ed aleve. 

Que, Sarple bel, 11 in. by 2% ine, comtained a mechanically 
ruptured core=to-wurface bond, @ split core, ax &: aroa of Gute 
pected weak tond located as shown in lige Se 

inotier, Gawple u-2, 35 ins by 35 ine, had one sour! surface 
used as a control surface, an! contained two anal) cor —to=sur 
face ~ond failures indicated by the visivle blisters located as 

| The titird, Tarple 43, a 26 in. uy 2) in. curved aircralt 
doer, contained mumerous afective -cre-to=su face Le'al ar as 
located as shown in Tle Fe 6a 

Ono other teot pavel, Sample 5, 12 ime br 12 ine vith 022 
ime 72 OT alwminee surface askeets on 0.375 ime twelee core com 
tainec three areas which, bed not been combed will), atkesive durinc 


the falwieation process, looated as shows in “ig 3.7 
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Tests ster perforacd on tesyolon test ‘“Ascultea token from 


suspected defective areas in “aeples t~2y 2=3, Se, and 3—3 





that the wealamed conditions suspected Jid auisty fF. , J 
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leat Tadlation Principle 


The basla ideu of this section war to ueterminn Uc effect 
of the cifferenee in bond conditions beneati. ile aluminum sur 
face on the rete of cooling of tlw motal og rface. 

The initial atvtecp? to creek this rediation principle was 
made »y heating .aeplie 2-2 in a 200° PF. electric oven for 15 
minutes, “kt ga plo was removed an! a trersemter attached to 
& keowm sound surface area. The autfuen tenperature wee laben 
at twoeminute intervals for ten mimctes unl isc averti-e mite of 
cooliny determined. “he same aamcle way refeated ani tc process 
repealed wit: the thernemeter attached ova a known cofect lve 
area. ‘loth sarples were cooled in toc sauce extemai -<viromeuts 
and the cooling rates cumputed over t-« same tesperature range, 
Tacle Te 


The preliminary inwe@iigetlon imiicated a coally rete of 
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265° fe per mimrte for send areas and 3.0° Pe nev admute for 
defective areag—a difference of 20%. wrom tiese ramilts it 
was concluded that tee coolirg rave wes atlected iy Ue Internal 
eond:. tiene aad thet an attesnt growl! be wade to wy Dlg pra 
ciple to a lurger more representailve seagple af tro waterlul. 

Test Sample 2s] was heated for 15 minutes on 4 gorclelly 
decicned rack in a: clectric oven hea@had to 200° Tf. The omeci~ 
men was thon removed and the wurface temperature of seven rid 
center pointe teker in rapic succession. The proceso wos ime 
maated and the temperatures of the same seven points talon in 
inverse onder, An averarc of these temperatures, as sown Ln 
Table II, indicated tat the temperatame of the c.tire surface 
of the test panel wes uniform vhen removed from the oven. “Wwce 
ceesive temperature readincs were taken at four rinute intervals 
om the sare polrmta, the averaring «x ocess seoeated » and the 
clanjes in temperature oumared at @ach point. we Tabie il 
4 difference was discowmed in tue rete of wwollnr of the points 
jee@ted. It appearcd tim? the crnetest. drops in texspurature 
eocumed ove: defective aroas av indicated wy the results of tained 
on gvides 7 and ¢. 

Test Teeple e=2 wag teste: in “78 Gamat STOTs “he tamperae 
tjures CUtained in Ubese tests acy ghowm in "“uble ITT. 1 camari- 
son of tee ewerares obained Called to indieate ary Lorical dif. 
ference in the coolins ratee 

fest jaeple 263 wes also tested in the swe manxr, an’ the 
tempareatumes citainec are shown in Table IV. 4 comparison of the 
averages indicates considereblc« vaylation in the cooling rate af 


the m@rfaee stations in the panel. 








eR 
eee eh 
I ee ee 
1 et Oem ee ee One cage ee 
— wS eee oe coe Ce oe sede eed 


‘wow ome ee eee eee cube?) cers 
sim of 4) eth eee afl 


22 


boGed thet the prineiolc inrolved was som and 





TS wee 
applicavle to a limited degren. The rathos of curfuce seanning 





ar’ PestliGe No vegults 
Ovtained from tise teots on Camples Gel anc Ge) indleste the 
wethod could possibly ve refined and used “o detemmine defect) ve 
mater2al containine omen core=tossurface ‘onds, ‘ut thet deters 
mining the exact bouriaries of the defect work! "e very (iffieult. 
The regulte af the tests coméucted on “ample eZ seh enka that 
the method woulll not detect areas of weak bor. it would te 
neceseary to develop a method of taking a complete instantancous 
get of temperature roadin s at many more points Losated on a sah 
@anller gric Wo Gelwulim the “owndaries of ihe defect. In 
attempting to detect 4 weakened bond area, whe readin o wid 
have to he more accivate, perhaps to the 0.029 I., anc taicen at 
more frequent intervals simoe the rute of coolin varies with 
gurface temporetwre. The equipment necesnary to acconplic:, ade= 
quate Gurface seamrinc on a panel of the sise bein’ wee in these 
experiments would becorr vely complicated anil @xmencivee “he nece 
esvear, equipment wee no. availeblc, so Tutther inresticalion of 
the metied wee avearndoned in faver of @ qualitative sot. 

in Ute @tteupt to etigty tie worface coolbe rete mallte- 
tively, Semple 2~] was heated for 2C minetes on a mics in um olece 
tric oven at 200° F., then removed aw placed defective sie up 
under the glass: covered seoke ceamver woici had voen Jilled with 
GROKGe The behavior of the smoxe was oseerved durin Uw cooliug 


+@ 





The only detectable changes wiic’) ware ooeerved ti ile &oke 
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9 
chamber were listening in conor xx decrease in moe Smmoity 
near the walls of tim collieimer. “jo potium oo De Semi wus 
detectalile nor wee there am indication of «4 metter. wreloping 
wich would indéleate the comm contuiminr the lwege -oid area 
the varicus surface azwas anc was alndonede 


. ike Gifference in radhetion rate of 





Thermel Comduetivity 


4 series of the teste epre conducted based on the principle 
of thermal cesfuctivit7. The peepose of iris Lovectigation was 
to deteimine ‘ie posellility of vené cenlitions affeetiing 
the rate at which Setalite would treneri( hea‘, 

Wy considerixy the possible imvemml] conti s wich wigit 
exist in a penel, several olituations could sccur whic? would affect 
thas characteristic of the material, The Cir * consicevec was the 
pregenes OF A void. Test “ample @=1 would we anelocous to in- 
troducing a dead air gnace which Le senerully acepted as cood ine 
sulating practice, an! theoretianliy shoul. cea@ece te theornal 
transmission throwh tye area lt covered. A seco considercd 
was that of weal. om, purhegs cauwed 6b uUnevel. @plivation of 
She bending plastic, improper eerie, or his) nore absorption of 
te bond material, "4st “Steeple 262, ln this case, the cesouty of 
the intefmrul structure betawen the slominus sotfaces wedd be 
affected, anu since the hewt tramasisaian Le minted to damlty, 
effects o Lids conuciion sight co detectaele. 

Tee (84x) com@itics: camsi(lered wis thet o° wav oF leroken 


Was aA ~%y ~ Bu _s —_ . ote ’ * 2 —_— 
Nene, Test “ple I—3, In this conse, Ux denmelty ow the internal 
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etrvcture woulki not ke uniform an) mic reflect §n tre trezmal 





wetivity of the material. 
it is 





mily poesivie to detemalw coefficie:ts of 


leat traremission, U, Cor « mae materiel like Metalite ty 





using tke comiuctivite of tee materials, ky Ghe uelerial \hickress, 
Ky vepmesenti:; surface coofTiclents fer te mvteria! in contact 
with the air, °°, axl “ie wilt condéectance of an air soetes, a, if 
one existe, In thermal conductivity calculation, the coefficient 
of heat trangaiscion iss 

; 


~ 
SS — eam ew oe ee ep ee —_— 
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but is weually delerranac ar s+ ¥ Cor Ew particular com 
Ganeation of materials degired. Valwes for te coefficients are 
given in Y. fi, "wreau of ‘Humderc “este, tests comhcted ¥ 
F, . “ewlay at the Uriversit; of Pimwecta, am tee 4. %. ". Ve D. 
Guide 1936, typical exarples of wiich are: 
“alsa “ood 
20 Y/eus Tis OSG 


9 b/w. Me Ge35 =k 
7 Uo/cue Me O33 & 
bluminue Surface (athll air} uae. F 





Pypical Plastic 10.0 K 
iy atvempt to measure tro heat trananitted wes same ty 
@apporting the test comtro! peel o- "etelite im a cpecialiy 
designed cover over a Jomegtic electric ovene “he cover was 
deeigned tc utilies the over ag a chesker in plich & provide 


uniform heating, ab Ho overi’S &.twmtic control was usec to 
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weintain a constart tergerabero. “Se cerer axnoved 1% square 
imehee of Selbalile aurBace ‘> the sc form besperatire of tho 
heet clue: Smother Wt:al dime, alr space Lnsuiited, wooden 
chaster of 500 cubic Lnches, combeiieing a comtrelis located bayo~ 





net type mereury therwoweicr covered tc opposite ide of the 
Vetalite., in the first attewpt, tle oved avi its cover, without 
the tewt panel im pluee, were beated to 1909 FP. “he etrlite and 
upper chamber were ter nlaced 4n position, ani te besperabure 
rise in tye uwoper chamter recorded at three <imuto intervuls 
witil it rocked 95° F. Tiis heating process was reposted four 





trial, vt the rates of eatin octalned were nol considered con- 
sistent enow) to le veed to quariitalively cumate to cunt 
of heat tememittec. It wae tien decided to cammre O'© beat 
comtuctivite o. tie tent nanels in Jeries 2 qualitetivel using 
this methed and eq:igmemt. Thy het conductivity of tMe pancle 
wag compuredc by to methoda. 

Sac test panel oa! Sarles 2 was inoertecd in We equipment 
GeeerLbed ahove and placed over te ciectric over weic!l had Leen 


weated to 190° F. "he initial temperature af ie ale in the 





S00 eubie inch upper camber wae talon wher the enplpemnt ag 
pleee over the oven, awl periodically at Nive aime intervzts 
for & heating serio of 20 wimeless «7, +/, 

The time required ic chime the tegnperatare im tee wore: 
chamber oacl: 10° T. wae also -ecorded. The data oléciced in 
these oteervations is -iver tn Telies V and Vi. 

The :ogm temreratvere of FeO” FP. vornined cenetant + rouge 


out the test and vrecautions were taken blo souvre Grat the sir 
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cireulation jin the vicinity o Ue test enidyeemnt romined ur 
Seeple, and the upper alr chamber were cooled to be same initial 


2S usec fo cover *he oven, hol) Ur test 





camiition tefore cach teat. 

The resuli's ovtained by Getemiining Ue iewmeratere increase 
over equal periods of time, have a woximwe variation wi 3.5 de~ 
gmecs of 125 in 20 minutes. The ereetest inerease occured wren 
Tangle 20] was being tested, arc] tien seallest won ‘lu coutrol 
panel wes tested, “cus indicating thet a defective paxil wes a 
better heat conductor than @ gound one, wile! is cowhrcictory 
tO theory. 

The order of know delectiveness ami tn /leate! beal cumcuce 


tiveness of the sar los anee 





= Defective 21 | Most Caniuctive dl 
| 

| oe} : am} 

Qui 202 

| te veast Sefective control A beast Concuctive ontrol 


The reenlites oltained Ww detertiinim: ive tum reyairmé to in 
‘ee temperature in tre upper chamier a soncified iment, 
have a woxlmm variation of 3.5 minutes or 16.2% for « tesperature 
variation of 30° Fr. “hese results alro indicate Ye onder of con 
Cuctivity opposite to ‘het precictad tbenret OGL s “he data 
given Im Tableea V ant FI wae Oytatined from onr test on each sumple. 
The time to incvease teesperature eact: 10° '. was vacen between 


the periec spatines Curlim tee sew heatin- crocees awd nay 





for the qmlitative agroweent. The dzta wiven ig for a 
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a) 
single test on enc’ gample, wt tre data for the comtrol panel 
and Sample 21 wae ver fied in magnitude aw tres? & an adti- 
tional test on eacl of Ueose samples arter Ve orly- me. deta wes 





reduced anc ‘+o indicated fuctivity of tie panels discovered. 
Theoretically, the order of conductivity Gimld be revureed. 
Nenee, it is concluded (tet this opthed (5 no! satilsiactory. 
A comtination o. the heat trenmeiseildlity priuvclule and 
heat radietion ,tinciplie was considered, the iden beln, that ver- 


haps the difference in beat radiation rete from tim ugeer surface 





might ve sore marked, or tiat "cool gpots" mip! t exist aleve de~ 
fective areas if ‘he :anel were heated es degcrived ubeove. “he 
orobles of eeamhing the upper susfwee for temperature variations 
wes eicomtered amd ts s oke convection orinciple was used. 
Patterns very similer to, twt somewhat wore pronounced Lhan tose 
abteined wreu weinm the beat rectation winciple were obtained, 
imiicatin, that this .cthod was bet\uw: tam: the radiation aethod. 
Sample 2ei,, comaiminy definite velde, wae tie only semple teated 
that gaa positive clear incieations in all trials, aw {1 is 
dovbtful Wmt inkiertions of teelr presence weulk eve Seen nO 
ticeadle hed this saapic comtalned ewal! isolated vol, of less 
then owe incl in diameter. /1y 2!, 

Another setivod of determining the variation no” ment trange 
migsifGlity was tricd qual; géieely on the samples of Serias 2. 
A wooden clamber 10 ins by 10 ine by 5 ine wes cometructed to 
expose 1CC squarw iueves of te sempic wmrface to un’ lor temere 

are. A wooter frame centoimine 3 »lase cover war comseructed 
te Mt cirectiy above tet ‘eatin Tyme, aul Ue complete Epara~ 


a 
i 


tum, Includirg an clectries] ‘eat concvator, waco vloced Ina 
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2; 
refvigewetor at a temeratere of agproximutely 10° r. A wolfoem 
coating of frost was eoplied \o ine upeer surface al Loe betalite 
plate. The upper frame ml chess cover were fpluced in position 
anc nnat isvtrodvoaed into the lowm chambers The effects of cone 
ductivity were visible >yv ouservin We darvonine oo anmas of the 
Wetalite plete ac tbe frovt on the surtece tegen to melt. Son- 
eiderabic etigs effoct froma the amearatus listted Go «chutl arees 
which cou! te atecled on the samface, “ait ite sattern ao vertical 
vond foimts in tee beliea come was visiblic, <u! an aron of supsosediy 
more denge core material appeared consistently on Tiasblo ?«2, 
Ayeas above jaw voids retained 4 lis’.ter color lomror ian the 


posed suvea, imiieating the: t25 metho of sumface tam 





peratame variation wes thc nost sewaitive used to date in the 
experiments. o gmail indications af variation, nol “elore 
located, appearec on “ample @=3 woth times it was tosted, int~ 
cating that the comuctivity principle was fenctinmadbie Lf a suf. 


ficiently sensitive eras of surfaee tesmeratures cocld 





be ovtained. A metiod, samewhat the reverse of tat descritad 
above, was atiempted. Yar moist air from an electri clotires 
dryer wae pieced in the waper chagser uel Vic lower Chaser cooled 
ag repicly cs poswitle Wr te introduction of cold aftr ax Cone 
Gmly two tests each on ‘ample 2@=1 om’ Jaupie 2? wore vale vlth 
thie apranqenccrt. Leceege of the Gffhoulty onocuntered In preventing 
complete, incta taneous comlensation over tee we tise Suriace when 
the wan air first quam im comtact wii Ue fect aeciam. “he 

two paltterng o'tained on Jauple 2=] corpespomlied wit! th Location 
of yuow; voids, ef in om puttern, o Saint imcication of verbieal 


gere bonds may lurve ween ovtatned. The ben camlensation patterns 





th 
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Te my te concluded Crom thts wction uf tw teeto leat He 
method is peseible,; wit much iwaties 15 use, GE Tes less ser 

Tt was fichily comcluiled Chel the scinciple of heat camuce 
tivity would indionte varietions in the internal cancltion of 
Metalite. The sethols of qurface temperature scarmminc attested 
were not sensitive enaugh to detect trc minute wirlations in aime 
face temperature necessery to locat 
bond defecta. Yome of +he sethols attermiec rim cmeclusive 
etence that the s:rinciple mould Indicate utees oc” weasend 


the amalle: core-toe2u face 





bomd, althoug; theoretically it should. “we indication o teined 
fos exagperate’ defects, vold avear, wwe positive, ut ci.er 
En@igations cocié heve becr caused by variations in scum ‘ond 
thickness, wear ‘ols, (Mfformee in core serial denelty, vere 
aasion in cose melstwe coment, or agerriaent4i cevors. “urther 


@ 


tation would 2¢ necesmary to eutailiar aa Antersretation 






of the indicatiuns wxwi determims the cagawilities or Limitations 


of the princinic. 


Peat. Yosorption frircipls 


~ 


The avilitg of tre ealearial to aueo™ beet Was comeucored, 
A hemegeneous edterlal will sissar® boat over i's emtire exnised 
ares at a given rate teres cmminy tho mirtece teeortatiax to 


a KR — i in = ian — . 
tmeresse wmifornly>. <= a@ttcert (4 macrr tre seet absorotion 





aristies of the teal saapie wis wamle Wy studing the 
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variations welch existed after 4 >eciane 





had been exposed to 2a wiilorm hea! seurce for a Avon ‘ine. 
ample 2-3} was oxpoged to tesporetures rancury from isc? Ff, 

to 325° T. on a onccially & yack in tic cxooctric oven for 

periods of ly, Bs & Cy 10, and 1 


of grids 7 and 19 were taken after each cappogure ax L* was fom 








Tne surface tonperatcres 


that the maxisata diffrence of a ¥. bvobwem thee te loortions 





Wit) a Clive ranute exposure at 290° re. The control 
panel and saaplee of Series 2 were tken omposed five Simetes at 
250° Tr. anv te surface temperatures of odl mum eved gric areas 
taken. The temperature readinys obtained wero erratic ame -id 
molt suow tke relations!ip expected. Ovtim the cantrol panel a 
Series of three Ldentical teste wae rune “he tap rature pelterne 
obtained proved conclusively that the metho! was pol arolicables 
Tige 2. Purther experimmetation indicated tat longer amposures 
would produce wilfory curface temperatures, am thet a short axe 
posure to a high temperatura caused an wrrven surface tosperature 
pattern on the control panel which was mom to ie o. goad cone 
atezetion. 

Tne osperiuentation indicated im’ the a@iposume detercined 
from tie ofigiimmi tests o: Nuplke 21 wc |ylicabhe onky to We 
cormltion of tert gaaple ax’? nol Lo Wee wettemial in general 

It wee concluded trat fhe hont aeporethiss checacterisctics 
of the agtes‘ial were inflweneed uy; factors ota Laan bor defects 
end thet tee intlmmes of bone’ comcttions maered to the other 
facters was not great esounl te daulnate tne feet absorstion chmre 
eeteristice of “we material. ‘whee ri was cmotldered thai tie 


principle of beset absorption was not amvlicaiie as a pntinod of 
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tue interrt.t »ome comi.tion in Wwrialites 





@rittic {soqer Ap iications 


kn attempt te use Welttle lacqees iw loct'e mwas ol defective 
bom or core material in welalite was naie. 

Sénce the tond candition influmcces the relative c fiection 
of the core to the serfeee miterlal > sarebtic. constriction, it 
was thougt that incieations of defectlve Lod mirivt ve @ tained 
through the surface strain indications outalmable witl witile 
LACTUCI'. 

Gempied lel onl 1<2 were coated with 2 thin cout of Yittle 
lacquer and tected in ive different wars. 

The feat “aeple le. wes oecwed Wy grimoicg | maple wood 
frame block attached to the short edge of the sulle in & Tice, 
thereby rigidly securing the specimen in a vertica’ sowit’ on. 





A Mvesgwiee mocdanleal vibrator was bin attacsec bs wars of 


& prod to the Mpecimen in the center upper portion of the surface~ 





p bong an) caused to vibrate at 2O to 20,000 crcler yer 
second. No indications were oltaimec in thio attemot. “Ne test 
was repeated using a Cibedi=Tool wilt im teed oo Ue machwniesl 


vitwater latt a-ain no results were oltailiec. 





The emmerinental set-up way “me. sod fled ©. rermlt the hody 
oF the VitedeTool to be tignday supportec serperdicular f “ae 
Surfawe of Une wacple ui! cleo acjusteuly in Del «aectlon. 
Thas arrangement made Ue Cull power o. tae (00) alallaelw for 


Bi. F —_— ead se A o * J - , a = s 
& Vlwetion perpaicaiar to “Ve o<w'tece @ fe ‘oa! aumples, anc 


perehtted the cmaple to ve lomkw ec an osd-Looded couple capti lever 





-— 4. ¢ 9 ete of ee See tet Seed 
Nn ee |S PS Cll 
—_—— A a i mr, hr, ae 
i ee 

a i ee Ue 
— 8 hie ft aie ee 

-— a aw «A eR a a 


— << — Fe we a OF ee -- omer tt poetiee 


28 
mepport. Tith only slight initial Lowling, vilwations “Mu not 
cenee any indications. “hen sufficient initial lon! was a plied, 
im@ioations as sitown in Tire 9 cecurrede 

Sample le? Reaged in the st@e wonner requirm! consideraviy 
mre initiel Meeting, aw when indications did ocewr, ther falled 


3 


tien of the mom cevects. "rar tc sasultis 





of these two trile.s it was Cecided thet *219 setho! wee not 
ite, and itis part of ‘De investigation was “iscontinued. 





The Teet Sample 2=1 wis cleaned ax) coated with ‘he Lacumer. 
in tie epplieation, She leequer was applied With 2 qpall ertise's 
Sprey in suck @ manner as tc heve one very light coverinc on part 
of the mown defective area, two coatines over amotimi sectlons 
aad Girwe coate over “he remmindcr. This was Gorm, oven tough 
conimary to the general agplication instructions, In a! attempt 
to gee if the teiclmoss of She Lacquer coating would live any 
effect upon the senwitivity of tke Sthod, "he saeple was then 
placed in the electtic over heating Crome ovur a 200° Pr. heating 
chatter. Th arrenpamymt wes gecs et it was impossi’lec to cone 
tinmwualiy ovserve the teating effects, wt when Toe Specimen wad 
remevrec after a ton minute exposure, there Wo.e rancor ckeci 
patterns over the entire surfaces. The only conciueion Wiec® could 
be draw: from the 1+ cults was Wat the Diinnver lsoque’ comting 
wae more gengi tive to heat than the tracer coatines.s There were 
no definite imiications o° defeutive ercas. "loweve, since tke 
Wweation of the defective aiwese wae mcm, some pattey verlatian 
over these areas colli ‘ec igacined. ‘nua actGai test comlitions 
it would be tmpossilic to locate a defective area by Sis method. 


kmother moti fication of the seove wes tricd wit a qaall 
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29 
piece of somep eebetinl. Te saeple ahem le “ig WO bad a pecian 
Seal wld ambe in Ge orm fom * semratta Uo scfaco wtal 
fran tiie como Sith ao War metal utife. The xine wer Comber! 1th 
sealing wax, the sorfoe c“emically cleaned es * fay~anated ith 
Wtitéle lacquer, and Gried in a cool paewoert roam (59° 7). 
This paece Was then horisontally su yorted om @ geclia: fume 
pola suspension recy Ln ‘he eloetric over ant neatec. This 
arvungenent peraitted fairly oven beatin: aml combinas. seservae 
tion of the comted gurface., In this trial it wes imosmilble to 
determine surface temperetumus. urface choo'm appoore! scar the 
eunter of the bnarm wold arsag and armed ty *iges sf t'9 weet, 
especially along the curved cége Seluce rasdem cveckin= ast 

Jecause of the wuiknom: temeratures ovmutTin: io this wetod 
(Sempnratures above 300° Pe}, ar’ Se nemesalty to revain the 
regular test saqplees of Yeries 2, 2, ant 3 in Weir “sme” copie 






tien for afffiticnal testing, eis wet od wes act tele’ on ma of 
them, "ron the Sabicetions o'talmo? on ‘Ne separ micrial, Lt 
@ppeered tit tho apthed cict (co furtier derchoped! into one 
wWiet ecelt ve used for mroduction Ineqpectiem® “Ance ite slaptice 
in the bond have design apeci [ications at -<€7° f., voou teapera~ 
ture, and 160" f,4, tmero 45 tye poseililit of mecoolim the 
material and anphyin, the Jecquec et lower temwermiures 2b ote 
aining sufface expeoaion imiieniloma over a ppenter to. wrehwre 
difference in a tower vange. "Wwe is alm a poweldlit. of ole 
taining © more smisttive coating tid.chtens of the Mecyer “yw usinr 
seLentific agplioztion ov ever o lec@enr fosewiac bette onited 


te the epecilin test careiitlons. 
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30 
etiod, even fo further developed, probably sould not 





be ueged for ineservice 


é 





tions of the mnterial thet weld le oxesuntered. tonic, scratches, 
loeal initial st#ees areas, comasetor jwssets, an! twurface nalnting 
would all contribute adverse conditions in its application. 

A meshed of veing ‘wiitle lacqwer for detectin. infernal Tlaas 
an Metalite by sechamrical deformation of the of Sect 10 be inspected 
was conclidcred. 

In eorductine titis test a arthal of controlled rachanical 
deflection was devised. A four inch vice wes seoeuwed to a horle 


gontal mount. The test strip wiv a lurd gaple prippinmy oek 





on each end wes fastened in a vertical nposit.on mu deflected as 
a giuple cantilever ty tbe wac of G lever em! tuenhwctle arrange 
ment. The deflections to se vwoed were cctemmined whilk weparing 
Test “rip 3-3. The strip in ite orifinal condition wes install 
in the apparwius in euch a wanmer imet ont Gtiectloncs cml. ie 
masured, i2% wad Uten deflecte: in o Serios, eac succeasive 
Geflretion increseing che<quarte of ar inch umill onewbhalf inch 
permanent wet was Ovbaimed. “ho meehanieons limaye reqicred for 
eaen deflection was alw weorel. The lLingee wick Sac Ween 
used to wiéiein a feTiec bom of elo t-denita of Lhe’ wir ere 
the pemmanent get was re-ectoliisied anl used for tbe teet Loading. 
[nee onky comparative reselts were desired, the load required to 
cau@e ihe various deflections was not seseured, Another strip, 
the one labes veed as 2 control strip, wes ten installed weing 
the game end Ulocks and strained to asmre Unc defection as set 


ce 


up would not exoeec the elastic linit of a tytkeal sound strip. 
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Deflections made uy vorlliag Ue rtrip tawlee toward cach. surface 
verified the assumption tim? the ceflectians esta listed tw 
the equipment would not oversiregs &@ sound sample. 
The strip weed to estaviisi: the deflections was then fortrer 
loaded well past ite eiastic limit and prepared to use as a test 


3 interior ceoritions. 





The control strip anc thmee test strings were soray-costed 
with the lacquer ant tested—each woing deficcted taice Loward 
the coated face and twice awa; fran ii. 

The patterns o:teined are sivmm in Tire Le 


iments in@icatcd thst a variation 





The results of these expe 
in surfaege strains wae caueed by defective interior conditions 
of the cove m terial or borml on deflected surfaces, wil tat the 
brittie lecquer method of detectin, tole varlation would nol be 
applicable for general test sroeeadere. The c.mmlifhed teste con- 
ducted uein: deficctions approachin cestructive sacnitude on 
cantilever Lean action gave onl, wie. indicationea. Te nro lem 


of producing the Jeflections necessar to locate the reguired 





Strains over al] the ecurfece area of c tetalite sheet o: formed 
Shape Wouctd maxe the setheol impractical eveuw thous! the merincinite 


may Ue Soule 
Bast ox Shoex frinciple 


A principale of Shock trmuetiecibility mes cangidered. The 
investigations we: wicted fo detemomine how «a modden shoe 
investigations were conducted io determing how « sodden shock 


applied to em surface mould ‘se tracemitted throurh Uo vetalite. 
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The first atterpts were sale on a test sample secured 
horisonteliy ina rigid frare © striline tw covte= of ‘he lomer 
gurface a sharp Llow with a hammer. Tho tmananittod elfects wore 
Ceterwined ty ovwerving ‘he pattern caueed ‘yy the imduoed curface 
valwationa on 2a wunifommy t)2n coat of tale m powder wich had 
been applied to the wwer svrface. It was posaitle to observ 
some indications of internal structiree Tho krger oven “oad 
area in Semple t=) was cetectible, ‘mt tha ssall defects ant 
weex bonds in the olher sanpics were not cotecteable. in experi-~ 
menting with this uethod, motal filines end find white ge! ware 
also usec instead of the taleunm powder. “he test reoults were 
obtained with the gard. Teste with t e metal filines werc em 
tirely unsuccesscul. 

snother series of tests based on tee samc orincipl were 
made by secerinc the tes! samples over a conmuesion chasher, 
10 ine by 10 ine by S ine, and dischargins an explosion in the 
chambers The effects of the explosion on a Licht mitorm cover 
ing of @acd whach lac beer. applied prevlouwsly to the upper surin 

of the teet plate were analysed in an attempt io determinc the 

anteriar sonditl [ the material. 

Whe methoc providec cam suecesarul reeults on all three 


Fao 


of the Series 2 semples. ‘onsiderablic difficulty wes oncrunterad 
3n controlling the impact of the chespe ond mumercus attempts 
Wem Peguived to o tein internretelle results. “he rower ard 
leemeion of the eaplogion appeared to determina foc svecess of 


eacl. trails The ~est results for cach sample coul! be dyplicated 


4° = = be é T % atthe * jj 
by Using the same exploclve power am lucation, out eac) test 





ee 
—— 2 i ai ope DJ alee al Se 
—_— a et pi) a aka aiheng: imams 
ee ae 
FF © ee © Ce a oF Ce ee 
ee ee ee ee UL) 


33 
Saaplic had a different optimum cxplosive power arn lovation fer 
the same clamter. otatine the sammie 90° or 100° on the test 
chaser required :edetermining the emplcsive size avi iscatione 

This was one of tue few aethods which gave any concimont 
indications of the weaxend bom! condition suspected to oxist in 
Sample 2—2. It gave three very’ similar patterns out of the 
Cight charges used in the lneal location under this panel. 

The idea appears to have some baels, but because o: [he 
Ganger of overstressince the material and the numerous cl l(fie 
culties encountered in appiyinr the method, 1t is uw bth that 
it would be reliable enoig? to be mracticably aynlicd. 


Comie Vibration Orinciple 
Turing “ork Tesponse 


The poseibility of inepectine Meiallte by studying the 
effect of somic vibrations applied to a swi'tace of the material 
was investiratede 

in onm@ method the instrumentation consisted of a amb of 
four tuning forke mounted on a movable wooden 2ase. “he tuning 
forks were helic in 2 veltioal positlan by acount friction on tueir 
sounding otems am) cou.) 'e adjveted to teculate the oorflact 
pressure between the sowndine stem of aacl, fork au? the mtal 
surface to be inspected. “he amall seemetic tra-sducer was 
mometled on the emposite emi of the baer and isol-ted Wr a 
Sponge raveer mawsting. The oscilletine nechaiae was held 


fimly againet the metal surface :o te inspected Ig its can 
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Weight and pressure exerted through tee tunbor mounting. The 
tranaiicer was excited by an clectrical oacsitata: capable of 
vbeing tumed to produee oscillations at te mtwral fcoquendy 
of the buning forks usode 

The equipment was fLyst pinged in pesition on Sample l-1 
witk the entire arraneement clea: of the defective areca. The 
Se a Se Ee Ge et lo @ level 
slightly below +) at — to ovtain regponee from the tuning 
forks. A slight increase is, the transduced signal picked up uy 
the ‘orke would cause reaoonse. “2th the apparatus operating in 

his mamer, it wet movell over the surface of the mterial to be 
insnected. 

The trumine foxas would regpand incividvaily as tkey passed 
over a defective area where the surface oscillations were ine 
creaged in magnitude br the resonance of a leose srin area, 
When ise tmanaineer wae piseed over fie Gevectivo area, tuning 
fork resonse also oveurred, “kr carefully approaching the def 


fa) 


tive area wit) the transducer point. leading, we ‘oundaty of the 





defect could be fairly well defin 

The Cevice was tested @m ‘he “cries 2? samples «2. wes guce 
eeeelul in locating the defects in sewle de] gulte accurately. 
Lt gave no incicetions om Semple 262, ami alte) ssen imiica= 
tions were ovtaired wile in uee on <wple 2—3, no definite pate 
tern or vold Logaligation could te determined. 

Tne wethod of gmehticy. Ube tuning fo-ks was altered t perm. 
mit then to stam free em! & ‘e held deemed in sdenge rmoiher, 


® = ° " 4 . 
me the resudts otainaric were pot improved. "he ~=umer of 
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tuming foras used was reduced arnt Lt was found tiat the results 
ovteined with two forks were Just ag accurate as t)oge obtained 
with the oripinal conl‘iperetion of four. 

The operation of the method depends .00n an increase in sage 
nitude of the vibmetion tranamitted through tre material from the 
tranedveer to the sounding stem of a tuninr fort. if the tre- 
quency or the induced vibration shonld te the game as ‘be nataral 


of the loose skin area over a wid, a maxignme response 





would we obtained anc @ gain in the aeplitude o. *he ‘a*aneverse 
vibration ocew". The amount of restraint the “om pleces on the 
metal surface whew ial influemes ito dagpin ciracteristics 
wx it appears that a methet ike that attempted could be adapted 
to give ap inéication of Vond con@itione Vowever, since ihe re= 
straint is through a fairly elastic witerial-«tle mlacilc, into 
a soft saterial—the balsa, @extrom seigitivity would te reucired 
to detect tee rinor cuenges waie> could occur in "he samil cise 
tanee between the tranaducer am: bic funine forme. 

It was cunciuded tiat Uhe metiod could detect, aw cefine 
Only the larger loose Skin are@g, aui since it was saci ore 
cmplicatee and equally as Giilicuit vo aoply as other mmtbods, 


4% was abardonod.e 
Uscislogreph lavieations 
“POC wolucus wore atteemted volne wm: oselliocragh |o 


Getermine tlhe cliuwallon pattern wilci ceciwwred wWam the corface 


Sheet of Metelite wee vluwated «1 vari xo «nic Dregumicles. 
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4 series of tests was conducted with tle equipment comxrcted 
as sluwm in lig 12. In tose tests tre intersity of *he vibrae 
tions wes varied by weing different transducers am! by controlling 
the electrical ingut. The oselliator perei' ted explorvatian of alt 
frequencies in the audio rauce bot the experimentation was cone 
ducted between 20 anc 10,000 cyeles jer seeond. 

The initial tests cemiucted on “aaple lel eetailished the 
theory thnt thre macnitixle of (he vioration wes preater over an 
open bond area tan it was over well omJed areas. 1% was noted 
that the chape of the wave as it. apreeared on the scone dLIT ved 
dJepencing upon the device wicl was holdin: the pick<ap, ami that 
when the pichewp was held in the setal triangle holder, *he loca~ 
tion of the holder in relation to the defective area influenced 
the shape of the weve form as well ao its amplitude. ‘ater in 
the experiment when this holder was used to scan Use lerger cure 
faces, an attenyt was onde to relate tie differenre in wave 
shapes ovserved bo the concitions hein- enc untered, tut the 
attempt was not succesclule 

4n attenp: was wale to compare te intenelty o, tle surtace 
vibpetions ati sting in weaple Q=l1, known to contain cefoects, with 
these emistin; in tie control panel. comtour petterm of inten 
Sities was establishes for a civen frequency, “wt 4 chumre in 
frequency chenped tie nuattern, tins Antroduciar tee neeeosit, of 
e@tabloshing velterw: Sor iw ertire rage of frequencies to be 
coverede=a: jaek which was comelidere! iupracticaie. Turther 


* 1s 


e@aperimotation, airectecd lbowmard estabiasoinr co.*tain -opresenta- 


=. 


ive frequenches which coul” be used in maktime the ceal red 
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SntensLt:; Geskred occurred at a specific Srenwencr for seach defect. 
The type aml sise of S»e cofect apparentiy defined tn 





frequency qilte definitely, hernee 2) would ‘e impossibic to vee 
@ @eali numer of ctandard frequencies to Locate 211 the defectt. 

An attenpt of surface sapping wes tried on the sasples of 
Serieag 2 by passing the carbon pickip, descriled as “y e 3, clong 
the horisontal. grid Lines, ami meeordin, st om-~inc’) intervals 
the mapnitude of the vibration weves avpoa@ring on ‘ww acope grid 
of the oselllogrephe 4 constant elretrical input was ealnteined 
but the frequemey wes veried at eac’ poin to o tain o saximm 
Yemdiinge This mytlod rere a com! indication of “he volds in 
smeaple Gels 11 indicated to a lisited degrer tie area of suspected 
wealened bomi dn Tample dees “wt 24 was aryatic In Sample Os}, 
Fig. lame In gemeral tie vibration intensity wac about constant 
fox sown! areas. It Jecreesed notiepably as thie pickup anproacked 
the boundary of a defective area ari incveasad well above grand 
area values 4& ‘he pick-up was moved into she dcicctive area. 

Tue method wee deter:tinad to be efYective Tor lomtinc 
void areas vat was comeldered unsatiazacteny, for detectince the 
other t.pes of defects. The ptinciple was considered function 
able ami consideration wee ziven t replacing “he o3clllograak 
with a Prush recorder o geme other arans of conmtiruomly ree 
eor@ing the tilbeation intemvity sicke!d w. Then a contour pict 
could be prepered whic’ would definm <he cefective sarees vy @ 
oyster of grid seanting. 


i 4 ara ? ‘s 2 2 i ee or oe 
in te other soto, ‘re scammin- preme nieckeup was ronleeed 
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30 
by @ sensitive microphone mounted at ‘ew vertex of a pyramidic 
frustum, the base of which covered ono trorinc: smarr eid on 
the test panel. “he preliminary investicaiion mace on “aaple 
lm indicated that resulte similar to those obtained wit the 
probe pickups mic’y be expected. “owover, experimentation on 
Series 2 paneis dic not contim this expectations 

aot of surface vilwetion intensity aade ueinc the device 





failed to indicate a noticeable variation for any o” the panels 
tested. Pren grid 7 of Semple 2=1, wiich i5 mom to te located 
entirely ower an open ‘ond arce, registered a i:cadin, approxi~ 
mately the same as “pose o tained on te control paele 

The @urface of Sample 5 was explored in am attiept to deter= 
pine the effect o: tic: t+ imme: serface uaterial on the wt! ol, 
tut again ii wae impossi’sic to o tain significant variation in 
the reacingeGe 

Cne otver variation of the sound propagation principle was 
investicated uriefly with the menmic device tefore the princinie 
wee abandoned. A picce of Netalite was mlaced directl in front 
of a 10 in. Crnamic speake. anc exposed to tle sx waves 
emitted. The oppogite side o° the sample vas explored with the 
goaic pick-ep. “he pattems obtained > ugly “he tnec teat 
gaxples of Seriog 2 indicated that tae sows) combectivity and 


2. 


option qualities a the core acterial, regar€liess of its 
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a a] of * ms me - x % Py - 
Comfition, dletwibeted tye vilation: comivcted Urousl te 
i } : bares bet Ge * i —) : 
aa@teria: is eacoe a uniform vilbwettiieon ingensit, on the oposite 
, , a aie on ~~ ~ : . *... = is x ‘ P & _ ey 
faom. The eethos of edee semport had wiry Little cfTect upon 
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eoald uot te wand for tke inepection of Uctalite since all of 
the methods atteapted falled te detect evwm saxlaun variations 
in the test samles. 


Rane Terticle ‘ethods 


Teveral attespts were wee +> detemmame ‘he of fect defective 
ond areas would bve on the curlace vicralion pattern vy weing 
fine particles on tic surfhea. 

Smeple 1~1 with the gual] transducer connected in the core 
toseurface “rx ag shown fm “Ug 13 wee syepmorted her isor‘aly 
ant a iight witforr cowering of firme neta. f1lin a seatéiered over 
the surface. It was CLscovered teet ‘wo cwegin te Irequeucy of 
oscillation diferent mevenents of tim iins woull cecur and 
cause characteristic satternms on tire oncfaen of the test, Sacmlees 
& fmequencr of 96 eycles per secs cansed the wetal Pllinss to 
arrange thermeelves orce tho dedbcilve a.ca, cleatly imlicating 
ite Soundaries as siown in Pag. 23. 


Sample Qe] with the gpall trarsicer comiected to tye upner 





man sheet was tected in tke sexo sacrwr wt suck: Ip s° sove- 
ment of the OG libeme ocourred and Ve rusiliine prtterss (riled 
to Srdieate Wwe defective area. “We ea] filines were Top lmeed 
by commen deamb, » grado!’ cilice: power, ax teic= power. Vho 
graded silicon pewler gave the SeM. yatiert dink lomled the &- 


Sective ares Yettor mr arg of ‘ku ofiecr port clos. 
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the gemples of Series f and fanel °. The pattems o tained are 
show, in fic. Vee 

The atwed wae auocesgo.l in locating all of Ux ceare—to~ 
surface bond defects, “wi did not shor woalered Yorn’ areas. It 
developed a cood pattern om Ganple 2=3 which cunld ke vevcated 
consistently, imcieating that tue acthod had pose diAties for 
mapping Gefective armoas., It was now pousible to interpret the 
type of defeet whic wes causing +t patterns lo Jom at Lo var 


wat i% was cemcloaim!] that mere experience with 





fyvequency effect might enable the operator to determin the trpe 
of defect teing encountered. ‘the metiod was rather slow ‘ecause 


it wes neees@ary to wate’ for changes in particle norement at 





By anc to tume te the optimum Cremwoncy woon a de= 
fective area was incheated. ‘Taci. Uefect ayeurcl i» have a free 
quency at whieh it coub!l test be defined, am. in mex cages rat 
defect woulki not cprear at ober freguencles. The metho, Like 
the tapping wetiol, uses nol ingue thw) ali ow le cevects will 
we located. It did not indleute defects caused > weakened bond 
aed is wore omapliceated to cenduct than the tappin method. 

Vas 
lenee, it a6 considered inferior to bet acthod. 

AMovher var riation o: te Sime purticle soto was uried wWdle 
experimenting with emiple Oel for tio tWie.s Just deccriied. Ine 
Stead of cowering tne vilwatine surface wit) a coativiy of ary Sime 
Particles, @ one and one-half inch water Wipht .race wus sealed 
to the surface of the pivte witl comwrclal tuller cement. A ane= 


ineh deep solution of fioe ocortacies of Lamp Slack svmeeeriied in 
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spake 
with all the sower aveile vie Hct the oft mitons » telned we 
eaveed by edge restweint. The void ad (Le no cavee am per 
ceptible movement in the adjacent 2iquid amt the wlysl was com 





ed ungatisfactorye 


Gaoke convection Tatterns 


A wetbod of employing smoke cirevltion ‘to dntiemmin the 
surface vibration nattern of a sheet of betallite vibrating at 
sonic frequency wos atterptede 

The preliminar” investifations were comlucted 'y vitreting 
Sample lel at various frepuenc.cs between 20 ax 206 oreles ner 
second under the seeke Cllied ciaes coveread chamcor. “ot.. heavy 
cooled exoke and very light hot saoke were used, Gx! one attenpt 
to upe Mime 6llican powle: suspended in the air was made. In 
@ach of the attempte, 1‘ was possible to observe « cmmge in mle 
er dengity in the colwm of air ahowe th defective area, uit cit 
culation of tise emowe im tie chuagber could noi we detected. The 
lagnt net seox cave tio createst contrugt aul was we0ed in the 
testing of the lerles 2 samplose 

TO @ppiy this wetho< to more waelletic detects, ‘he utee 
test samples of fertes 2 were subjected to Uis insveclion The 
samples were secured in a supporting frme, vilmated af various 
frequencies am! awplitules, with the teanadmeer, Vine 15. The 
transducer cau@ec a repeficatiion =" avci intemuit- in the saoke 


column above the arwa  c whic, it wae attacked <°.% it wee ime 
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42 
to oogerve aay other variatians in he ciemke> for sa» 
pkeG 2=] ani 2e2. A diviied or Teahaped pattern was o served 
when Sarple 2—3 was tested with the tioenedneer comonctec at the 





centerpoint of an edge. This pattern may heve been caused ly the 
Large defective area imow to exist in the central sat of this 
sample. It wae evident that the problem of cistriiwhing vibrations 
would prohibit the asplieation of this nethod to the larger sheets 
used in commercial production. 

Sa aibewpt 'o apply viurations by placinre “ic mappie ina 
field of sound weves oroduced Uy a LO inch: @weanic speaker also 
failed to produse Cistinguiehable surface vibration variations 
on the onposite clues 

The ainwestigation idicated teat surface vivrations of sul 
ficient aeplitude in tie lower gonic rance would cause a change 
an @ppearance of stagnant mmoxe belc in contact with the s.arace 
by a closed chamter. it cid not, however, prove that the delecte 
in the material scfficientiy affected tic amplitede of ‘xc surface 
vilemtion to permit the retivcd to determine the location or ever 
the presence of a defect. ‘wenee, Lt was considered ispracticavle 


and atvondonede 
O61 Pilea Detection 


4 Series of Tests “evo attempled, cased on the Gumic ville 
tion primcigie, wat using of] Film motiwes of Surface scamming to 
detect. variotinas in the e=plitwaée of ermfuce vilwotions. 
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13 
frequency frar 20 to 1,500 cycles per second. The test sarples 
of Sexes 2 were supported horizontally om the acJjwrtabic rack 
shown in Pige 2G, and the dmemic traneducer was attached to the 
canter of the upper surfacee A pool of Aacht racine o21 was 
then plaeed on the macTace covering ail of the interior crid areas 
and ayproxime’ely oneetalf of (he area on eac) of tlhe outer row 
of Gridse tn attempt to determine the vibration Srewvencr at 
which variations in Lie sagnitude of surface vibration orcurred 
wes omde Ww ovserving the tehevior of (he oil Widie Coe incueed 
oscillations were varied throuch the entire frequency renges. ‘The 
pettern from Jample Cel zsevealed a noan-oymmetrical arrancement 
of ripplos with merked agitation over Lim ‘moan cefectlve area 


t frequencies of 200 ~ 290 ami 500 - 600 cycles ner secon’. 


inereasing the powor input oaused tue of. poo) to break cone 
sistentiy tn gid 3 ami Li. The results indicated thet .reater 


agitetion occurzved Girectly @seve the void areas, A myweetrical, 
aimost cirewlar concentric pettern, wec ovecrved willl» testing 
‘ample 22, anc the o11 pool woke in grid 23 waem sefficienthy 
Strom oscilletions were applied. Tie results eal’ not ve ine 
teroreted to indicate any partiewur differmice in surface vibre= 
tions, anc tse reason Tor the consistent breaking of the peel in 
area 23 coul. not be determined. Tests on Sample 283 causec 2 
non=@ymmetrical pattern with considerumic agitation over crids 
maber 8, 9, Ui, and 19. The rool broke consistently over grid 
15 or ceer grid 20 wien the truecsducer power mis increasec 
sulficlently. 


it wae belioved tit tyc mirface vibration boin creater 








uh 
above defective areas than that ebove sow: areas co@vcd the 
acitetion comerved in the ofl. “The surface vilwations were 
greater above aces where tue curface sheet was ot comnmecteu 
to the core material, anc these areas wore located bolow the 
aciteted oll. The areas where woakencc bond existe wer cone 
nected to tie core material, and curfece vibration of ‘ose areas 
Temtined approximately the sama as the vibration over sour! areas; 
hence Cid nol cause dyservable indications tc occur in the olle 
ft. similar test on Sample 5 revealed two horisental Panis of 
agitation, verying from 1 ine to 1§ in. in width, formed aeross 
the surface about one=third thw vertical distance ‘etwern ‘ie 
top anc bottom edzes. “he same pattern appeared wics Lie sample 
was invorted. 

The cause of these wrees was not determin’. “hey included 
considerable scum arwa 25 well ws the know dcelective ereage 
“rom the vremits ovtsined on Uhe samples of Terles 0, the avita- 
tion was expected omly above the defective sections. The macthked 
of supporting the plate was different Trem that used for Samples 
ot Series 2, since Sample 5 was too large to be held by the sane 
frame, oub slaple support under two edges are point suypert unler 
eect: commer of the plate produced aimllur patterns. The amas 
were most vigiile at ar. imaced frequency of 120 crcles per 
secamd, “wt could ve of served + severni other lower frevuencies. 

awAll particies of Wlack paint nigaents were used in the ail 
Ser one test on Semple 5 tet they failed to improve tne readavil- 
ity of the method, 
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G@roplets of wineral of], dwt they all falled to lerate areas of 
inereaged vibration. Tho path tacen oy the lu) vidal cropietes 
wes similar for a constant frequency wite. varying omtensity bet 


~ 


quency at commtant intensity caused to dmrlets 





varyice tae 
to tale different paths over ‘lw murface. “his was intorurcted 
to indicate tit the indvuoed vibration freqvenc,” affectad the 


path a dropiet would follow, int 4 compolation \wetmeen toe path 





& droplet took am! internal conditions of the material comld not 
@ dorived. 

an additional test wes wade by securing tae water-tuat 
frame, poaviovsly used, to Sammie 5 and testing: “ie sanplr with 
@ wery tintin ofl flim ceparated from ‘ne wetal surface ly ome 
quarter of an inch of water. 6m attespt to ca.w: tie oil Tile 
to Ureak over known dafective atwas iy issiucing vio wetiors inbo 


* 


the Metalite was unsuccess?’ul.  wrlface rimies sladlur ts *hose 
owMimed in the ofl Tile nethal ovcurmed, “vt odse offects of 
the container re@uced the anea Wiicr cowl. ve o served, ox! Coe 
creased te: cetectibiiitye The method woole po’ detect defects 
ae well ag the Girect of] pool meteod and was herder to uses hence, 
aL was oe 

Tae result! of Uheeo Inveetigat! uo imllosted Tu! tle a tance 
of of) pooling, mater cusported thin cil film, ani Lincid Gvopiet 
curfaige soaring, would vet sullicaently detect ovrface vl rettlen 
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Verlatvion am cuales mo 6¢@ used as an Lawoection urocedure.s 





Oe oPviceus incpection method, tiuat of swrfucce contour ine 


A viewal inepection of the panels immediately after they are 


rated in this experiment. 





renoved from the bag will acsetimes show a Ulister in t6e surface 
material and is one mothod of locating defective materlale As 
explained in the “lreviously Tried Netiocds of Inarecting “onts 
in betalite” section of this report, the uetho! determines panels 
which are defective, “ut does not assure that a panel is free 
from defectSe 

Tt was noted while working with the Letalite Det tiswal 
inepection should not be Cirected eutirely tom ihe Urtection 


of Dlisters. Some of tho Netalite rneanels have viotole eurvece 





eS, 2 suddued check, or pere@llel limes on their serfaces. 
Sn area with an entirely (il fevect gurfece petticin, o a mwoth 
surface ontitely surrounded by a pattern, coultl indicate a dif} 
ference in internal conclitlonge 

A method of seasutin surface variations er cmtoer plottly 
was considered, Wut the firat atterpts proved tit this pethed 
was not apolicable. VWeasuratlo variation: [ree tre flat auface- 
characteristics were emccuntered in sow! -aterial. The meociffe 
e@lions permit greeter variations in these cimengisne Vhan defece 
tive tonds would cangee 

. method of strescing thc Dod o pendicular t6 the surface 
wae devised, and Um strain in tt direction weswed. It was 


tie 4 ae oer f r “mee aj “ 
known inet iec teesiie steergt? pyerpemdicuzas to tie wxrisee of 





17 
the wetalite beinc teed (core density 7 = 11 lus/cue 2%.) should 
range between O00 and 1200 pouris per square inch, lavt « definite 
alua of elasticlty in thal. Cirectlen could not be determined, 








@o ineteati of veiny an enalytiecal stresa n Pallo, comparative 
“he first attemts were mace ty sealing « inverted class 
fumnel to the surface of ‘sinple Ge] and o@ervin” the surface dee 
Lleetion ecavsed ty evaruetince the Termel.e The Gefleetions whi 
occurred were measured by reflectin. a Licht }ea. from the sure 
face of the material. An attennt to seasurc t ese Jel iectl 
quantitetively usine tw optics oF “ve aircraft octact wes unsuce 
ceseful malniy tecavse toe ceflectims wicch ocarred were not 
symestrical. 4 quaditative =e thod using th veews orinciple and 
& retheeted Licht Vous focused on a fined Wdite »sacuground wae 
developed. ‘This methol woe the comtrol nenek w optaldian an 
aVOTE-O, atx) coipavec tie resulte o'ftained uw sublectin: other 


o 


aveas to the Same comlitiont. “gein tao method was four to be 


= 


unreilabie iz of the uimom shan s the usfected surface 





Col talkie. 

The Merper vacuum chambe. shown in Tig. 1C a was developed, 
and a mechanical pethod of measyurin a surface point vertical 
ceSlection with en Ames Dial wan attempted. Commuretive defleee 
tions could he ovtained Sy tos tiiod, “wt ibe amaunt ov stress 
wick coule be fpaeced on Whe ot wac creatly reduced. 

Te &FOasg waving poor Jonas Collec net be Grherted, and epen 
bond argvas waite JLfSio Lk \‘o lacate aul walks iMes. © wweiected. 


She meterial atei oqaigaomt wood ty forwsl rodarts Laboratory 
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in conducting a test whose sesulis were inklcated tw observing 
surface contours were acalywed. in the toeis paoels of « cle~ 
Weld procees Metalite paving Gldy «020, ami .052 inch aluminun 
surfece sheets on one-quarter inch halea cores wore veed. They 
had been exposed for sixteen houre to air preeswrr of 7D pounds 
per square inc. wooeecded by a quick release of aveccure 9 woul 
@. hours e+ a progcimme of ® : 





is por amare incl follomed Wy 
quick release of pressure. The panels Yad ween exposed to 79 
pounds of oresevre at 230° Fr. for tiwec hours aml twenty; tures 
in the elevated temperate testa. 

The results of the excerime’d aru siown in Table TI. 

Tas surface contour anthole fallac to meveel poorly londead 
arcas, am. loca.led ouly toe Larger wi-anced areas in nost case@e 
The detection of cereches becase mare Gitficult on thee saeplee 
having thicker face material. ‘ience, 14 wes cimcluded Ut tits 
serface comtorr principle was not osatisfactor, for ite  complcte 
imapeciion of Inetalite, ‘ut was adaptebl. as 2 saeuplomectary ine 
spection. The vieual inenection of the mete rial's eeface Ter 
Yiaeters as i: comes from the ectecleve beinr tle moot Ivnortant 


of the applications. 
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Tee moet widely woed metic! of teeth ‘otedite ic the 
Be oy ee Ee Sauruel or - x i tee « 
tajpins wetic., Thit meteeh, Wier: coni.cted lw a trained opera- 


: ; 4 r at ” a+ - ak ae a i % a ' iN 
tar, is simple, oflieiean, ax faariy aptiefecters. In order te 


COMpAre VATLOuUR WeteGds oF testinc, “ho writer atveephed to develop 
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the technique required 4» locate defecta ty *t..is simmie nctind. 
Two types af tayninc — wore used—aea vor’ Licht commercial 
tack hasmser with a wooden handle, ani a lirht ‘use headed 
special hammer with a flexible steci wire shank mounted between 
the hand grip and the heac. In developing this technique, it 
wee fount that light teppim gave beter seneltivity tun leavy 
tows, that better tom was oNtained by using the steel miank 
type handle, ani thet, rig tiv in tapmoain: aided some in determining 
the emact edges of sugpected defects. The tonal chcracter_stics 
of the room in which the operation was comlucted had a definite 
effect upon the atdlity of the oporator to detect ihe c ines in 
tone, ani as would be suspected, the external no ge level aiso 
contributed. in practicing, if was Jiscovered *)a' sise and 
shape, as well as methe! of Support of the test speclimen, save 
different characteristic tones, “ut tiat tle degree of toral 
variation was not materially affected, cxoept in the case of a 
flat wooden base mowntine and a sponge rubver suycort vocd wile 
trying %~o determine the best method of s:ecisaen s:gmort. iit 
of the simple, solic material point or lime supports uaed peve 
approximately the sare satisfactory variationgse 

Several of the typleal supports tried are sixw) in “ig. 17. 

It wes Ciscovered that a “asie tomal cluange occurred as tue 
edge of the plate, a dou'cer, 32 clmnge in core material, such as 
more dense balea core iniays, tapered core sections, am! stiffened 
edges were amproac'ed. 

This tonal cuange is very wech lilkc tat cacsec by a defece 


tive bond, and when the cove ule: is ummowm, oifers uifficulty 
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eneountered at critical stations 





to the ineneetor. This chance is 
in the material sinee ctiffewrs, couvlerG, an imiays are ine 


a 


gerted to clstriicte NL” stress Witich ame expected in tose 





areas. Fence, it is very important to determine accurately tie 
tom! conditlons in those sections. 

The results which may ve ovteinec by tlis method are lliue- 
trated in fice 15 which pictures an actual defective ‘ctalite 
aireveft door and a plot of the open bond or defective areas 


h ite surface chect. 





The uriter velleves the tappinc ‘technique developed whiis 
workincg on this project enatied him to determing the interns 
condition of “etallite miterial better than amy of tee othar 
methods attempted durine the investigation. The velialility of 
thie oothod is limited beeauwee it is impossille te defemine with 
certainty (eat all the qmmlicr defects are located, anc t) locate 
areas o. woakered one wero intime’e contact uetwer. Ue Seec 
ana core material exists t rouck the presence of herdened | ut 
weer ‘arn plsetlce 

Good result@ in locatin- defects were cotained » tapoiar 
Wetalite with a sliver ovine 4 querter wae preferred ty the 
writer beomuse of its sise and weight. “he "feel" and tonal 
quailty produced by the coin compared ver; favorably wilh +’ ose 
owtained voing the special hameer, ancl were ceTinitel) better 
than those civen by & Lhe tae: DRERET s 

“ame acditional experimentation involrimy wo cuuxkwos pring 
ciple was concucted by drogoia 2 gmell stecl well a cliwe disteace 


4% 1 . . q “a : 
onto ihe aaTace st oteorviag Me hejckt of lis robown4. aml 








a. 
tative emmuerigo of owrface aroao samabwus cml w Stalmde 
"we defeetive area in Seple M2 was detentay, ay [alr roms 
cqapsed 2 resconse jast Like Vet! obtained frar 2 semi ste. It 
tive tea the tagedims aetead, aad Gineo i* wee Slower eel ieovder 
to use, it was considered inferior. 

it appeared to resyomd te nolid areas qille nell aw!!! aioit 
we refined into a sore seceitive eetied whic ol) detect wok 
voulae It does jive a ceasum@ile qiantitative indication ny te 
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The ideal of dlacovering a principle on which a simple test 
te determine the caxiition of the bom! adhesion ani cove conde 
tion ineide a fist shect of Tictalite could De based was not 

The detailed results obtained in the tests com ’ucted during 
this investigation are civen: in the respective sections of the 
“vethods of Tlaw Cabeaihes? | nathan or this reporte 

A gumary of the qualitative gonaral results obtained are 
expressed in tabdlc — eee 

Only temo af the sowen kinds of imperfections or Mavs 
itemized in the Intro/uction could be detected by any one nethod 
ty epinc @ combination of methods only four of 





the seven could te detected, am the loeetion of a defect in 
come material dwwencth or density; was couvtful even then. The 
weak Joints in core material, difference in ben! strencth on 
opposite vider of tie core, ani variance in bond strength over 





the survlace ghect could not bea detected Wy any of the methods 


ciscugged in the roporte 
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Comparison of Tests Attempted 


The tabulation expresses the extent to which each of the var- 
ious tests was able to locate the defects and to define similar 
defects in the test samples. The samples of Series 2 offered 
the best comparison since they contained three of the most rep- 
resentative defects encountered and were tested by most of the 
methods. 


The code used in taoulating these tests is: 


I All known defects loc»ted--positive indications 
nf Some indications obtained 
D Defective Material 


ND Sound Material--no defects 
e Indications occured where expected 


u Location of indic tions unexplainable 


Type of Indic*tion 


aE Cle-r positive indication well defined 

2 Positive indication-~boundary not distinct 

3 Weak indication 

hy Doubtful indication 

5 indic:tion occurred but without pattern 

6 Inconsistent indications 

7 Indic*tions occurred but evidently from causes otter 


- than the defects being tested for 





5% 
Classific2tion of Test 


U The test could be used as conducted in experiment 
ig [ne metnod used in experiment could possibily be 
further refined and adapted to commercial use 
LV The method capable of being used under certain 
conditions--would be of limited value commercially 
IP Tne method considered to be impractical 
NA The method considered not applicable 


t The method questionable--results not reliable 


Tabulation 












Heat Radiation 
ourface Temperature 


Smoke Pattern 


Thermal Conductivity 
Total Panel 


Smoke Pxttern 













HH |e 
NO NO 


ree [to] 
Not Applicable 
Test Strips 
Te2 | Iu3/Ie2 
PE 


Condens:ition 


Heat Absorption 


Brittle Lacquer 
Vibration 


Deflection 


Shock or Impact 
Hamner 


Explosion 





Tuning Fork lel 


r - 
© S 
Cy 





5 3b 


Test Tabulation (Cont.) 





Test Attempted 


Oscillograph Detection 
Mechanic2l 


+ 
0) 
WJ 
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Sound Vave Field 


Fine Particles 
Dry particles 


Particles in Liquid 


Sound Propayation 


Smoke Convection 
(Vibrating Surface) 
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Oil Film 
Pool on surface 


fel 
Tee 
Suspended on water - 
Droplets i 
Tel 


Surface Contour 
Visual observation Iel | Ie2 | ie3 


eb [pote 


Tel | Iel | ie3| ied E 


el z: 8 ie2 | ie3 
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Light Reflection 


Ames Dial (mechanical) 


Soundness 
Tapping 


re 
© 
N 
-_ 
o 
a 


Bouncing Pall 
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CONDAIIOOS LM TISCUILOR 


The investigation Jid mot reweeal wry one vecic principle 
that appeared to ba @ole to detect ail of the beerfections or 
flees which micht ceocut in Metalite. It did esta lish the fact 
that at least five of the principles could be use! to explore 
the inberm2 condition of the material. ‘These weres 

le Teat NeSatian 

2e ““hemmal Conductivity . 

Se “agt ar “hoc: Principle 

be Surface vecponse to Taric Vibrations 

Se Sounlaees “rinciple 
Of these the Soandees Trinciple, ti@ouch: the aw lieation of 
the tapping methead, meoved to be the nest voreatile anc rellavlee 
2% waco depenient won tae acl of the operator an. Was wiaslc 
to locate areas of wetimned bond, sectiiono of soli. cove naterlal, 
ov axean of no bom between the surface didin an. tie come if . 
intimate comtact remained, wut it wac reliable in ioottine the 


~*~ 


type of defect wile’) orcurrad rest Sreqvertiptio open von ogee 





ace and core---and wee fast and eam to amply. It was 
used Gating the experimentation «s a standard or basis on which 
to judge the other mothods. 

Ome metuel of applying tc “eat Cestucbivity Principle 
appeared to te wortigy of furter concldcration Secxwse 1t glowed 
poesibilities of weine able tc detoct areas of weakened bond ag 


well as the defects in cortnogebowcore boris. “hat metvioc was 
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the mathe! was not finrvestigeted further was the inawallabiliity 
of the necessary sensitivo serfacc svaming ecsulamnt, 71 is 
that this basic idee wight be develope into 2 method 
that woulc be better than the tapping method for Slat sheets 





of the material. Curwed vamels would not offer creat ciiticul- 
ties, bub taperec sectios might tvestrict its aplicatinns 
The Tuning Towk Jetection Method of the Somle Vibrations 


isan ire! asthe 0 Mel t e's ’ *” tlator ce #5 + yi 
* . ut ' ‘ 
“Yinciple could detect the samo type of dafects cs tin taming 


fre 
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sity require cantrolicd conditions of appliorgiion, cut was con 
gidered to rank third in inportancee 

The text in order of importance was the “hock rrinciple 
@pplied through the "leet Method, but duc to the Linitatsons 
axplainec earlier, it was net considera! further even though 
at occasionally turned up excellent indications. 

fhe Fine Particles vibrating on the surface of the meterial 
were foum! to be capable of detectim voids anc defining their 
boundaries when ouffielent amplitude of viwwetion could vo ine 
Gacet into the @urfece mitesta. at the prover frequmcy.e The 
mrobles of determining that frequency ~lseed this actiod ae the 
most wilegirable of Ghe neioiples secsese 1i waco o (ame cap 

Quetiitetive veevlte could not be dete mined in nest of 
the trials and ewen im the case of the heat nrincinics were 


attempts were made to use quantitative anmilyeis, the results 
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56 
intonted that casparetive methods would ve Letters 
The methods investigated all failed to detemmine the quality; 
of the ban’s, hence it appveaes that the assurance affarded ‘yy 
rigid quality eatrol, similer to that deserited in Ref. 6, 
excercised during the mamifacturin: procegs will hove to be 
relied upon will better inagpection methods can be ceveloped.s 











COMNCLUGIGNS 41D RUSE TEDATICNS 


le A am@iiafactory means to determine the quality of a 
bonded structure was not ciscovered. Tho most accurate c.eck of 
qualit, can le cbtained by extractince test specimens frau the 
waste areas of a Cinished nanel aml testinc then to tallunees 
the principle now used in quality control proceduro. 

2. The Souncness Principle applied by tappiy: is tho most 
practical motiyxi to use for locating the common corface=toecan 

Je A method of exposing heeted bonds to sudden pressure 
Crop and obecervinc the gurface contour of the materiol in the 
most practical metho! to use for locatine wea: surface=toxcave 

te A nomdestructive test wainc the Dutter-Pull lothad 
could be devoloped to acsume & minimm bond strencth: between 
the sumface anc core materials. 


Se Prineiples involvinc the homogeneous an! 





acteristics of @ umterial are appliceaole to came inenecitio 
methods for use on Metalite nenels sacl as were used far iLese 
invesiigatione. Nowewer, the application of the same vrincinics 
to the inepection of fabricated Vetallte parte would not be suce 
ceseful. The presence of ingerts, doublers, roinforcencita, and 
variances in come thickness and density would Lintt thelr cfiece 
tivenesae It is considered impracticable to atterst the develop 


mont of A general inspection meth) cared ontirely on these principles. 
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Principle appears to be the most nromaing 
surface cefects, am! 2 penetratin= mciation 





fan principle amears best to detect core 





flaws or imperfections. 
Sanee no one method was discovered wich would iniicate the 


internal castitions existing in the Metalite and cominatlons of 
the methods attempted failed to reveal all of the pogaible de~ 
fects which micht occur, a system of teste comtined with a rigid 
Thies system should emo 





Ipeci ications. 





de Carefully cantrolied process 
2e Quality control of the seterlals used. 

3. A schedule of destructive tests to be conducted on 
margin material or compenton sasmmles distri uted 
throughout the nroduction cyclice 

A visual inenection for defect Indications on the 


= 


Gerlace of the heated material afer emosme to 
® sudden drop in pressure. 
Se A ayGtematic tampine inenection. 
oonepull test on any area suspected to con- 
win a defect or eame 





sted to be gabJjectec to high 
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The older of the two processes now used ‘o proji.ce uctalite 
ie the Crcheweld Process, “his procesc incerporntos 2 high=teme 
thine aolified thermosetting priming resin, Gcleweld 





Gud, Which is a product of the Usyeler Corporation, sprayed 
divectly onto the cleen Qlumimum surfuce, aay dfice, and then 
cured at a Lomdeline teapereture of 260° Py ~ 270° Fr. uwder 
GO - 90 pel pressure for one howre Whe prkeed alwdenn is 
‘verled to the bulea cove wlth a higetieperelsromellin phenolic 
vegin, Ouwaa 13297, 2 product of the Dunes Plastic ant Mamical 
Compuzyy’s wy curing at 230° Tr, ~ 20° Pr, wider C&O ~ 90 pol prese 
wume for ome how in ai avtociawe. Ip tie process te Riemid 
Tew@e Is applied & the metal parte mis au allowed to ar dye 
The wood core ie vised with @ vom lige’ wpplicatia: of a Cite 
ent type resin, to prever. core @rellingg ami ro further achesive 
a8 appladed, 414 of tho perte Go bre assenliy cece are tack free 

x Lave & mites of selsiewe pwwsetst 60 alloc! tle wor! condle 
tigie he process prodwcee 2 glue lip whid, reiges atout Og 
peanc per square foot o! panel avodl, 

The Other procese now Lt mer is cella thw ‘ecw: Proceem. 

it makes use of «a highetemmereturceseticy, liquic resin ani 
Ghermopiestic pemaur. Im Sec .pocuO 6 liqun, “edes, whici 
= 2 product of the Taginous “Trotucts ant Chaiical “omen, is 


a 2 * 


applied to the ciman aluminum om face. “hile the limuc is 





GO 
stil wet the surface is coated with “edu power and pemltted 
to alr dry. Aer ageem>ly te nanel is cured by the Llaniet 
process in on aztoclave at 290° F. - 200° >. “w 7 minutes to 
one hour wrxier 60 ~ 70 pei nressuvm, 

One of the most importani steve in the favricatian of the 
Metalite and one tha’ contributes such towarnl the elimination 
of cefects in tho bonds 1s that of ol¥aining the "clean" surface 
to which the bonding weterial is applied, Methods such as aliae 
line degreasing and the light acid etc: have given wa, ‘o a sod= 
ium motagilicate degreasing bath followed by a curamic acid dip. 
Tne variables auch ad cleaning baths! temerature an! concentra 
tions, times of immersion in the vathe, and times of singe, 
axl methods of Gr-inc are carefully controlled. 
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APPIODIX B 
The P£fect of Defects on Strength of vetalite 


It was osmected that poer bonds which would reduce the ten 
@lle strength between the facing anc core material would also 
reduce the caspressive stzength of a panel. én exact relation 
Grip between the bom! tensile strenmct: and the edgewise ompres= 
sive strength of the panel hac not been esta>lished. 

In tests conmiucted Uy the Perest -roducts Laboratory, Tel. 7, 
tao tests were used to evaluate the effect of defacts in sandwich 





tuction, the ed¢vwise caapressive test and the Matitige ten- 
sion test. The edgewise compression tests wore made on flat and 
cia~wed pancle using the test methods deseriued in “ef. & In 
tee test sample the poor bonds wore produced b uoln’ tho recuse 
.ar faorication process exoept a vor, light smrnad of tho secon 
dary adhesive, one—tenth of the areount normelly used, wes applied 
in @ Simgle application Just before curing. 

The unvondced areas in the flat pancis for compression tests 
ware 1/2, 3/4, and 2 inch in Giaeter onc in Uw core«tousurface 
vond on one side of the test pancl only. “he wibonded areas 
were produced by tapeemasicing the aren before apobrine the ade 
hesive therely lcaving an arnsa volc of adhesive for the Tabrica 

Tne teats on Tat panels revealec that the species with 


poca’ bord ba! orb 22.5% the core=bomurface ‘on! strencth af a 
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sound panel. and in flat edgewisc caypression an averarce 
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G2 
Of by this weakened bond. It was alas nobed that only three 
of the twelve failures occurred in the bom. Tho moecinens 





having the taro aaaller areas of no bond Zalled to show any de=- 
crease in ecgewise compressive strenct) and the one with the 
> open bond area inclicated a decrease of only five percent 





of the nommal strength. A11 the follures that occurred while 
testing sanplea comtaining 3/jeinch and one<inch void areas 
in the bonds. 
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AJTHV DIE C 
The Pro@uction af Talsa Cores Used in Metclite 


Delsa as an end grain core for Uetalite poses many questions 
regarding processing and durability. Its imowm inherent cugcep= 
tibllity tc moisture absorption anc the Cimensional changes which 
accompany 2 change in moisture content influence tho a lications, 





the fabrication processes, the achesives which may ee usec, the 
inspection methods required, and the curedility of the Tinished 
Motalite. The particular use of balsa as an endecrain core in 
Metalite Limits the moisture a>sarption in the Tiniahed rvesduct 
by exposing only Tat crained surfaces at the nanel clces and 
sealing the end-grain surfaces by motel facings. To molobure 
comtent stability required in the mamufacturin-: nvocess is accom 
plished ty husidification in production eateas ani by usine Labrie 
cation tecimiques Which permit the contwection and expansion of 
the core panels to be held telow an acceptable rdinimm, ‘tate 
ligetion by means of impregnation with cimethtolurea or comer 
cial water repellents increases the core weir:t and costs involved 
more than the stanllity qained sustifies and is not used. 

The core moistiee content affects “on! strength “y contrie 
butting additional internal pressure during the curin p-ocess, 
especially when the curin- temperatures are above 2129 T. An 
optimum care moisture content of @ - 12 % was determined anc 
is maintained during the productiaa. 
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Olaer physicalemechenical properties of balsa which influence 








er 
—~ a eo © a Chae omen 
eS en is A Ri, ky NR a a lel, 
——— fe epee eee 
et | ee we eee ee a St Cae ee od 
~~ oe we ee 2 wes 9 otal 
ee 
— ee oo onion: Daher etfiias at? <9 emp 

~~ el err settee Gar @? 
tS ell ei, ill, aieiicla epllpas 
~ 2 = ee ow ewe! pee off ae Clee 
. orl Ge) UD — Ce Sa eos os tee 
ole eo eed 

oe ted ee  _ eeewae ap 








See back of page 66 in this carbon copy for page 6 
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oF 
bomling tecluilques are used, Taloa sticks of the requisite 
density croup are selected anc dressed on omosite sides nrlor 
to edge~glueing into plarks aporoximately ¢) inches wide. The 
ochesive used is & room-temperature-getting resorcinol type 





which conforms to Joint Army Navy specification JAimi=397. The 
planks are dressed by planing both surfaces and then laninated 
to make a core bolt of the desired height. Und=crain core seo 
tions of proper thickness are tand-<eawed fran the bolt. Pach 
section is carefully inspected for intemal defects that have 
not been observed when the balsa was in stick farm. Figs /7 
shows a typleal core scetion feuricated aic oonded ready for in- 
gtalling ina panel. Acoepteble core sections ae edresrlued to 
form larger core panels if required. Tho Uudeuwss folerance 
for crumeanded cores is plus or mimus 0,005 inches. The fin 
ianed core panels arc stored wader cottrolicd humidity contitions 
to asour'e tho necessary Of = 12 % moisture content when usode 
The cores are available for visual inspection, Plexine ami 
souiness testing as they aw applica! to the metal surlacad, 
hence “he initial coxlition of the core is definitely imow at 


this stage of agsenbly. 
Res, /2. 
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production have been considered and the effect of their varia- 
tions were determined in order to establish the basic standards 
required. 

In reneral the waterial specifications set out in Ref. 10 
ate presented in tamuilar form as a pert of this appendix. 

Short fiber lumber would produce weak transverse tensile 
strencth Lf used as a core mterial. A scratch test on the 
transverse ends of each stic!: is used to detect this characteris- 
tice }aterial which tears out and exhibits a corky or brash rup- 
ture under slight pressure is classified as short fiber, while 
raterial resisting breakage is classified as accentable long 


fiver. 
Another characteristic of rreat importance is the censity. 
Voluzme=Vcicht measurement metheds are used to determine density 





at the source of precurement and a simple flotetion method is 
vsed at the processing plant. Very little’ balsa with a density 
below seven pounds per cubic foot is used beeause it contains 
large amounts of lowestrength short fibers. The standard den- 
sity ranges established by Ref. 10 are: 7 - 9 Tbe/cu. ft., 
9-12 Ib./eu ft., LL = Li We/ev. fh. and 1: + 13 Id./euw fte 
Tests to determine the effect of the Mond eurine temperatures 
and clevated sex$ace tanoeretures on the balsa gemoenstrated that 
balsa is capable of withstamlinc exposure to hich temperatures 
Lor short periedcs. eas comparative tests have shown that 
the Londine adhesives are generally the limitinc factor when 
extreme conditions of -75° F. or above 250° F. are encovntered. 


In the fabricating conventional woodworking equipment and 
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REPU WORD AMD PINT COOMA 


Mxpertences of an Alrematt Manufacturer "ith Sandwich Mater 
ial, a Ne Bey SAT Quarterly Transactions, July 1917, 
Vole 1 Noe 3e 


Acoustic Image Inspection Method (Contract Summary teport), 
Research Dept. Snerry Products, Ince, Dantusy7, “onnectiat, 
October 15, 1910. 


Acoustic Taare Inspection Method (Supersonic 3hadowcraph) 
Research: Depte Sperzy Producta, Inte, Dartraty, Tonnecticut, 
lay 2 3 199. 


inspection of Motalite Panels with the uo of the “rush Ibpere 
wonie Analyser, Tanburg, I. Te ami Clovon’y, Ile Tey Lept 
Oe An Chance Vought fireraft Corpse, Dalias, Temas, 


Investipation of Methods of Inomecting Jonds Netwen cores 
and Taces of Sam bwich Panele of the tirera™. Type, Teebink, 
Be Cos Molwupt, A. Asy Report Noe 1569, Forest roducts 

Laboratory’, Ue. 5. Dept. of Agriculture, Nacison, “isconsin, 


Quality “omtrol of Aircraft Sandwich Vaterials, “pstecin, 
lerbert Dey ACPO Digest (p=-33) 4 CUI 5 195 2 


Effect of Defects on Strengt of AirerafteType Sandwich 
Panels, Heebink, The Dey anc hoheaupt, ‘ea Hey eport "O6o LO). 
Forest Products Laboratory, Ve « Dte OF ipricultiiey 





Methods for Conducting Mechanical Tests of Sandwich Construc~ 
tion at Normal Temperatures, Progress Renort Author not listed, 
Tepert No. 1556, Forest Troducts laboratory, Us. DS. Departoernt 
of Acriculture, Tevised Cctohor, 19)0. 


Test Methods of the Structural and beciuuvdioal Test Tranch, 
Past I, Vol. I. ‘dvisory “epert an Test “ethods of th 
Mavertals lavoratory Ungimeering Division, 422 Teehmnical 
Services Camaand, “right Pheld, Detar, Chic, September 5, 2915. 


Ceneral Tneci fication for Inegpection of Taterlal — Appendix X, 
Specification Toe 3959, issued by the Ue “. Repartment of the 
Heavy. (Chanee Yought Lurcraft Material Opeci fication Yo. SUL 
sonerseced) ° 





68 


lie a of List Weight Sendwici Panels of the iireraft 
; 08 Cey Yohaupt, he hey and "angele + Jes 
ee ae eh tees Prakute ' laboratory, Te Se Departmen 
of Agriculture, ND y 19h7. 


126 "alsa Yoo! as an Pixi-“rain Cove Material in “nntwich Cone 
struction, Yeid, Navid O., Chance Vought 4ircreft, Depart 
ment of Publications. ot dated or mesbered. 


332 Durability Teste of Metalite Sambrich Construct: ony Redd, 
David Ce, ASM Bulletin Mo. 16), February, 1950. 





% 





69 


SURFACE COOLING RATE -- Sample 1-2 


Tnermometer Located Over 


Solid Area 


Tenperitire 


ova 


10:13 


117 
109 








Thermometer Located Over 
Void Area 





Temperature 























Rate 2.5 °/ win. 





Rate 3.0 °/ tin. 


Table I 


SURFACE COOLING RATE -- Sample 2-1 


Grid Point 

Time 

lh:14 11-1 114.0 
Average Gn 
LS Eo esta ka 

Ly:13 11-1 


Average BuO 5 






Average | 






Averase Deg- 
rees cooled | 
in 3 min, 





Average Cool- 
ing Rate 2.140 


it aS: 
order{ | 


118.0 
J 518 


J 5\)5) 0 lB 98.7 
tigce, Italy| 90.0 


8.5 gia diavste 













19 


if 


ie) 
113.0 


Pieris 


96.5 
























a 20.0 
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Table II 








Average Deg- 
rees Cooled 
in 8 Win. 


Average Cool 
ing Rate 
Min. 
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SURFACE COOLING RATE -=- Sample 2-2 





112.5 | 114.0 ° 111.0 , 110.0 


107.3 | 107.0 (0 | 110.0 | dame 





110.5 | tiem 


101.0 | ; 96.5 . 98.0 
94.5 ‘ 98.0 98.0 


Of.0 ) 70,0, “ B7e.3 








90.0 
90.0 


90.0 














Table III 
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SURFACE COOLING RATE -- Sample 2-3 


Grid a a nel 
Time ‘Time Order | 


16:12 1-11 | 120.8 E2G60°\9120.0 | 11955 | 120.0 | 119.0 | Jaiaee 
16:53 11-1 | 119.0 19.0 226.0 | 119.8 } 120.5 + 220.8 ieee 


Average 199 | 11925 | 120.0 | 119.7 | 120.3 | 119.9 | Peau 


tomer eas | 110.0 | 112.5 | 112.0 | 111.0 110.3 109.5 109.5 
We-57 ten) 165.5) 711.8 | 112.5 | 112.5 | 116.0 | 2.511 ieee 


Average 109.8 | 11ee2 | 112.3 | 121.7 | 110.1 | 111.0 | 10919 


16:20 1-11 | 103.0 | 107.0 | 105.8 | 104.5 | 
17:01 11-1 | 103.0 106.0 | 100.5 | 107.0. 
Average 103.0 | 106.5 106.2 - 8 | 102.2 | 105.3 102.2 


Average Deg- 
rees Cooled 
in 8 Min. 








ing Rate 
°/ Win. 











Table IV 
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TEMPERATURE OF AIR IN 500 cu. in. PPER CHAMBER CLOSED 
Control Sample Sample Sample 
Panel 2-1 one 2-3 


Temperature 
Increase in 28.0 31.5 29.0 29.5 
20 Minutes 


Table V 
















Oven Temperature 150°F. 


Room Temperature 7ileRe 


TIME FOR 10° TEIPERATURE RISE IN 500 cu. in. UPPER CHAMBER 


Sample Control Sample Sample Sample 
Panel 2-1 2-2 2-3 
Initial Tem- * 
perature in 73.0 8 vi Ca 7215) cE 71.0 
Upper Chamber 
Time Required 
7.0 min 5.0 min.| 5.5 min 7.0 min 


to Increase 
Initial Tem- 


perature 10°F 
Table VI 
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Aluminum Alloy Sheet TAA a 





Pnenolic Resin 


Ve Cyc leweld 
Adhesive . 


Cement 


ARRANGS!"ENT OF BALSA CORE IN MEeTALITE SANDVICH VATERIAL 


Bien 





Pe 





Sample 1-1 Sample 1-2 
METALITE TEST SAMPLES 


SERIES 1 
Fig, 2 
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SERIES 3 TEST SAMPLES 
Fig. 
a 


Test Biscuits removed from these areas for final 
bond tension testing. 
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SAMPLE h - 1 


Surface 


blisters — oe 





SAMPLE  - 2 











| Mold Side 


ps, 


AIRCRAFT DOOR 
Sample ]-3 Fig. 6a 


| 
3/\y" 1" 
ae 
\ 
j 
oy | 
13" | 


eN 


Test Sample 5 
aes 7 








Temperature Temperature 
Averages Averages 
1 121.0 °F 121.3 °F 
15 119.8 
7 210055 sli 
1 g.5 19 Weiss 
13 119.8 cal 
25 leg 
17 119.7 ? ? 
21 120.0 
HEAT ABSORPTION OF CONTROL PANEL AS 
INDICATED BY SURFACE TEMPERA TRE 
Averaze of Three tests: Fig. 6 
Maximum variation 3.5° 
Maximum variation 3.0° Sample 2-2 and 2-3 tested in one 
Sample 2-1 run only -- results not shown. 


meme mmm eee ame pm re am em me ee eee 


Adjustable 
Static o_o 
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NO = ea _ DS 
tl Turnbuckle 
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ce Vice 


EXPERIMENTAL SET-UP USING TIE 
VIB - A = TOOL Fic. 9 
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SCRAP MA" ERIAL SAMPLE USED IN BRITTLE LACQUER TEST * 
Fig 10 
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Control 3-1] 3-3 


BRITTLE LACQUER PATTERNS ON SERIES 3 TEST SAMPLES * 


Fige 11 


* The indications in Fig.'s above show the general location 
of early crecking. Distinct lines or patterns were not 
obtained. 














EQUIPMENT ARRANGEMENT FOR OSCILLOGRAPH METHOD TESTS 





Amplifier f Oscillograph + Oscillator 


Pick-up 1 —L. Transducer 


ii (oe pir eer ree oT Let oe ee SE AG 
Test Sample 














DIAGRAM OF SONIC VIBRATION TRSTING EQUIPMENT 
(Oscillograph method) 


Fig. 12 


oe 























Magnitude of Scope Waves 


series 2 Samples 


Vibration Wave variation 
plotted vertically from 
1 in. Reference Lines 


l in. Reference Lines 
also grid lines 


Scope Grid 
Lines 





yew of Scope Face 


Sample 2-2 


= 


‘Dl ‘ orale 






“1 in. Reference Line 





Section of Scope Showing 
Wave Form Appearing 


1 Full Wave as it ap- 
peared ~ Sta. 1 


2 Section of Nave 
Stim 2 





Sample 2-3 


Vertical scale Wave Amplitude 
Full Scale Fig lea 
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Section 
: Through 
ee es Defective Area 
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Metal Filinys Over Defective Area Sample 1-1 
—* Fig. 13 
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Section 
Through 
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Silicon Powder Indications Sample 2-1 
See Pattern Diagram Next Page Nig. Lh 
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Silicon Powder Patterns 


Series 2 & 5 Samples 
Pig. 1h 





Sample 2-1 in Smoke Chamber 
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*. meth ire ae e 
e*¢ = 03 e 
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Smoke Patterns for Series 2 Samples 


Fig.eis 
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Series 2 Sample With Transducer 
For G11 Pool Test 


Sample 4-1 Also Used in Oil Film 
‘est Shown in Background 





é-1 


Sample 


Approximate 011 Pool Coverave 
Showing Points of Pool Rupture 


Oil Pool Coverage and Approximate 
Location of Ripple Bands Observed 








Vacuum Chamber, Ames Dial and Support Tripod 


Used in Surface Deflection }ethod 
Fig. loa 





1 Wood and Glass 2 Metal Points 





3 Flat Yooden Surface hy Sponge Rubber Pads 


a) 





5 Maple End Block 6 Steel Balls 


Six Typical Supports Used in Tapping Method Tests 
| Fig. 17 





Sample h-3 


Metalite Aircraft Door 





Convex Side Concave Side 


Diagram of Bond Conditions Determined by Trained 
Inspector Uhance Vought Aircraft Corp. Dallas, Texas 


niyeaemealio. 








Routed for 
Splice Plate 


TYPICAL CORE S=CTION 


BALSA END-GRAIN Fig. 19 
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1900 
ihe i VYrinkling 
Psi 
Bond eye Stress 
Strength Da Sage 
Yoo 
Norm3l 
to 
200 
Faces , 
(yee 4 ha ie i Al L i Vii Mod) 
1 2 3 h 55 6 


Poditus Qt Blasticity of Core 
(Normal to Faces) - 100,000 psi 


EFFECTS OF STRENGTH OF BALSA CORE AND BOND 
ON WRINKLING STRESS OF 75S-T FACES 


Pig. co 








Blectric Oven with 
Heating Cover and Sumple 
2-l in Place as Used in 


Thermal Conductivity Tests 


Upper Chamber in Place 
Over Heating Cover and Sample 
as Used for Total Panel Test. 

# For Smoke Convection 
Method tne Upper Chamber was 
Repliced by Glass Covered 


Smoke Box Shown in Fig. 15. 


EQUIPMENT USED IN THERMAL 
CONDICTIVITY TESTS 


Fig. el 











Sound Wave Reflection Test 
Equipment. Microphone pick-up 
in Left Tube 3nd Small Speaker 
Unit in night Tube. 

Tubes Fixed at 5° Angle 
but Adjustible in Lenyth. 

Base used on various mount= 


ings for mobility. 


ADDITIONAL Test EQUIPYENT 


Pigcecs 


Pick-up “Yolder Used in 
Tests. Designed to vary 
Probe-to~Surface pressures. 
Vopile to explore entire sur- 
face using constant pressure. 

Sample 2-1 and small trans- 
ducer also shown. Note de- 


fective area outlined on ample. 


ADDITIONAL TRST FE QUUPVENT 


Fig. 2) 


s ss ™ 





aren as a E eee eee =, 





DISPLAY OF SAMPLES AND E QULPRENT 
Fig. 25 
The Above lig. 25 is a display of typical items used during 
the experiment. ‘hey Are: 
Rear Above The Table 
Test Sample 4-1 and the base of the Oscillograph equipment 
Rear Row on the Table from Left to Right 
The modified aviation microphone pick-up 


A 2 in by 2 in test biscuit and another biscuit mounted in 
a frame for tension testing 


A scrap-material sample used in the heating tests 

A lin. by 1 in. test biscuit in testing frame 

A C O» container used to frost surfaces 

One in by 6 in balsa core ready for assembly 

A bottle of Redux liquid and a bottle of Redux powder 


Tne magnetic and dynamic transducers 





Center Row 


A sample of Metalite with a circular biscuit removed. 
(this is the type sample Chance Vought uses) 


A second Balsa Core with a circular test biscuit on it 


A surface sheet of Aluminum coated with Redux liquid and 
powder - dried ready for assembly. 


Front Row 
A test sample 3-1 
Two broken circul*sr test biscuits 
Two 1 in. by 1 in. test biscuits taken from test samples 
The control strip of series 3 samples 
Ynder the Table 
Rear is the Blast box with sample 2-1 in place on it 


In front left is the control panel of series 2 in place on 
the adjustable mounting rack 


Right is the 10 in. dynamic speaker used to obtain the sound 
wave fields used in the tests 
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